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In 1954 cytoplasmic male sterility in sorghums, resulting 
from an interaction "between milo cytoplasm and kafir nuclear 
factors, was reported by Stephens and Holland (195^)* This 
discovery made possible the large scale production of sorghum 
hybrids. The hybrids have distinct advantages over pure line 
varieties, particularly in yield, and in relatively short 
time virtually the entire grain sorghum acreage in the United 
States was planted with hybrid seed. 
The conventional method of producing hybrid seed involves 
growing a male-sterile, or A-line, in a seed producing block, 
that also contains a pollinator line carrying fertility re­
storing genes in the homozygous condition. The pollinator 
line generally is called an R-line. To maintain the male-
sterile line, it is grown in an isolated field with its fertile 
counterpart, commonly called a B-line. The B-line is identical 
to the A-line except that it has normal cytoplasm, and unlike 
the R-line in the seed producing block, it does not carry 
fertility restoring genes. 
At present nearly all sorghum hybrids are produced in 
this manner. The object of this study was to evaluate the 
performance of hybrids produced by a somewhat different system. 
These hybrids are three-way crosses that involve three distinct 
genotypes. 
In the production of three-way hybrids the A-line is 
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maintained in the usual way by crossing with its fertile non-
restoring counterpart, but the A-line is then crossed with a 
B-line other than its counterpart. This sterile hybrid is 
then crossed with an R-line to produce seed of a fertile 
three-way hybrid. 
An evaluation of the performance of three-way hybrids 
seemed desirable for several reasons. Heterosis should be 
expressed in the sterile single-cross thereby reducing land 
requirements for hybrid seed production and lowering, or at 
least stabilizing, the cost of hybrid seed. Also, hybrid seed 
produced on vigorous plants might have an initial advantage 
in seed or seedling stages over seed produced on less vigorous 
inbred plants. 
Three-way hybrids might also have an advantage in stability 
of performance under different environmental conditions. The 
greater stability may result from either "individual" or 
"populational" buffering. Individual buffering refers to the 
ability of a particular genotype to perform equally well over 
a range of environments. This type of stability is plant 
oriented. Populational buffering, on the other hand, refers 
to stability of performance resulting from the heterogeneous 
nature of the population. Although individual buffering may 
be as much a feature of single-cross hybrids as it is of three-
way crosses, populational buffering is precluded in single-
crosses. 
The ability of a hybrid to give high yields in different 
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environments has obvious advantages. Variability within the 
hybrid may lead to stability of production, but gross varia­
bility for plant height, maturity and other morphological 
characters would be a distinct agronomic disadvantage. My 
study was not conducted over sufficient environments to permit 
reliable conclusions relative to stability of performance. 
Instead, the range in variability and its relationship with 
the performeiice of single-cross and three-way hybrids in two 
highly productive environments were evaluated and the results 
are presented in this dissertation. 
4 
LITERATURE REVIEW 
Relative Merits of Single-cross and Three-way Hybrids 
The suggestion that three-way hybrids might have practical 
importance in grain sorghum production is not new. Stephens, 
Kuykendall and George (1952) reported the discovery of genetic 
male-sterility in Day Milo and proposed a method for the pro­
duction of hybrid seed with a three-way cross. It is conceiva­
ble that three-way hybrids would predominate today were it not 
for the discovery of cytoplasmic-genic male-sterility by 
Stephens and Holland (1954), Also, it is of interest that 
some three-way hybrids were marketed during the mid-1950's. 
A few of the forage sorghum hybrids produced currently 
allegedly are three-way crosses (Ross, I969). 
The main reason why Stephens et al. (1952) proposed 
three-way crosses seems to have been to obtain lower production 
costs for hybrid seed than would be possible with single-
crosses of inbred parents. Stephens and Lahr (1959) suggested 
that the use of hybrid, instead of line, male-steriles as 
seed rows in hybrid ceed production should merit consideration 
by seed producers. Their suggestion was based on experiments 
conducted during two seasons which showed that the average 
seed production on sterile single-crosses exceeded that on 
line male-steriles by 7I#, The greater seed yield of sterile 
single-crosses resulted from a higher percentage seed set. 
Efforts to relate this superiority of sterile hybrids to 
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greater stigma exposure or longer receptivity were not 
successful. These workers were aware, of course, that the 
utility of three-way crosses was dependent upon the attain­
ment of acceptable levels of yield and variability in the 
farmers * fields. 
The use of sterile single-crosses in hybrid seed produc­
tion for short statured (3x4 dwarf) hybrids also has been sug­
gested by Rosenow (I968). He found that seed yield of sterile 
single-crosses in a single year's test at Lubbock, Texas, 
exceeded that of their best parents by amounts ranging from 
3.2 to 18.3#. All single-cross combinations, however, did 
not give statistically significant yield Increases. 
The possibility for greater seed production and yield 
stability over a range of environments prompted Jowett to 
plant a series of trials involving three-way hybrids in 
Uganda, East Africa, the results of which were reported by 
Doggett and Majisu (I966), There was no difference in mean 
yield between single-cross and three-way hybrids, the mean 
yields being 2526 and 2523 pounds per acre, respectively. A 
comparison of the place x hybrid-type mean squares did indicate 
some difference in yield stability. The difference was not 
great, however, as shown by the mean coefficients of varia­
tion (55*8 for single-crosses and 50*2 for three-way crosses). 
Jowett concluded that although the advantages for three-way 
crosses were not great they did deserve further study. 
The hypothesis that limited genetic diversity might 
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prove advantageous for grain sorghum hybrids grown in areas 
having erratic weather has been tested by Ross (I96I). He 
grew five hybrids singly and in 1:1 mixtures under dryland 
conditions in Kansas during 1959 and I96O. Two-hybrid mix­
tures did not yield any more than the pure stand of the high­
est yielding component of the mixture. He concluded that the 
variability manifested by mixtures of two hybrids might not 
be sufficient to provide any advantage and he suggested the 
use of three-way crosses as an alternative for attaining a 
desirable level of genetic variability. 
Stephens and Lahr (1959) evaluated three-way and single-
cross hybrids in yield tests in Texas, Generally, the three-
way crosses were not significantly different from related 
single-crosses. Three-way hybrids averaged about higher 
in grain yield than the single-crosses. This study prompted 
Ross (1969) to compare single-crosses and three-way hybrids 
in a different environment not only for yield per se but 
also to see if there might be expressions of yield stability 
that would favor three-way crosses. He assumed that if ad­
vantages could be demonstrated, seedsmen might respond and 
supply three-way hybrids for sorghum growers. Twenty-four 
three-way crosses and 16 related single-crosses, involving 
four male-sterile and four restorer lines, were tested under 
dryland conditions over four years at Hays, Kansas, The 
female parents Included Combine Kafir 60 and White Wheatland 
and the male parents included Caprock and Plainsman, For the 
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four-year period the two types of crosses did not differ in 
mean grain yield. When Individual year yields were compared 
however, the two types differed significantly in two of the 
four years, and they differed in opposite directions in these 
two years. One year was characterized by low yields and under 
these conditions three-way crosses yielded less than the single-
crosses. The reverse was true in the year characterized by 
high yields. Ross suggested that three-way test crosses might 
have utility for screening restorer lines and for certain 
plant breeding studies. 
Differences in the yields of the two groups were attribu­
ted to the differential response of within-population segments 
to a particular set of environmental conditions. Time and 
duration of drought stress at critical points in the repro­
ductive cycle of the plant, primarily booting, blooming and 
early seed development were cited as factors that might cause 
the differential response. In support of this contention 
Ross suggested that in three-way hybrid populations each re­
productive stage encompasses longer time than it does in 
single-cross populations, e.g., blooming begins earlier and 
lasts longer. Should adverse conditions coincide with bloom­
ing, most plants in a single-cross may be hurt but a large 
portion of the plants in a three-way population may escape. 
However, if adverse conditions were not encountered until 
after most of the single-cross plants had bloomed, and the 
conditions lasted for several days, damage to a large portion 
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of the three-way cross would ensue. In both Instances, dif­
ferences in yield would be manifested. 
In an experiment designed to detect the presence of 
epistasis, Liang (1971) studied a complete set of single-
cross and three-way grain sorghum hybrids created from a set 
of six varieties. Mean yield of the three-way hybrids ex­
ceeded that of single-crosses. Single-crosses had a mean 
yield of 1692 grams per plot with a range of 806 to 2623» and 
the three-way hybrids averaged 2019 grams per plot with a range 
of 84l to 3092. Significant differences were not noted between 
sets of single-crosses and three-way crosses, but in I6 out of 
the 20 sets the three-way hybrids outyielded the single-crosses 
by amounts ranging from 0.2 to 848.1 grams per plot. An inter­
esting feature was that in only 8 of the 20 sets was the best 
single-cross superior to the best three-way cross, and in 18 
sets the poorest single-cross was lower yielding than the 
poorest three-way cross. The data were obtained from a single 
location and year. Also, Liang pointed out that the experi­
ment was not very sensitive since the difference required for 
significance between set means, at the level of probability, 
was 1243 grams per plot which was greater than half the over­
all plot mean. 
Interest in three-way crosses also has been shown by 
breeders working with crops other than grain sorghum. Prom 
an experiment that included all possible single-cross, three-
way and double-cross hybrids from a set of four maize inbreds. 
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Stringfleld (1950) reported an average of 3«5/^ less yield 
for double-crosses than for single-cross hybrids. Average 
yield of the three-way crosses was equal to that of single-
crosses. 
In a two-year study of single-cross and three-way maize 
hybrids, Sprague and Thomas (I967) found that the mean yield 
of all single-crosses was 2.3 bushels per acre greater than 
the mean of all three-way crosses. Yields of Individual 
single-crosses ranged from 77 to 148 bushels per acre. The 
range In yield for the three-way hybrids was only slightly 
less, 78 to 139 bushels per acre, with a mean of 118. The 
lines used In this study had not been subjected to any selec­
tion, other than natural selection, for either phenotypic 
characteristics or combining ability. It was suggested that 
the approximate equivalence in yield of the single-cross and 
three-way hybrids was due to the fact that any selection 
involved had been neutral with respect to the types of gene 
action affected. 
Eberhart and Hallauer (I968) suggested that favorable 
epistatic combinations of genes in inbred lines might be 
important in contributing to the performance of maize 
hybrids. They reasoned that if favorable epistatic combina­
tions of genes became fixed in the inbred lines during the 
selection process, the opportunity for recombination would 
not be present in the production of single-cross hybrids, thus 
ensuring the retention of favorable combinations. But because 
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of recombination in the single-cross parent used in the pro­
duction of three-way hybrids, the yields of three-way crosses 
might be expected to be lower than those of single-crosses. 
However, in their investigations with maize in which signifi­
cant epistatic effects had been detected there was no average 
superiority of single over three-way crosses. This comparison 
may be misleading, however, since the greater genetic variance 
expressed among single-crosses likely will result in one of 
the possible single-crosses always outyielding the best 
double-cross and usually the best three-way cross (Cockerham, 
1961). 
Weatherspoon (1970) compared yields of single, three-
way and double-cross hybrids in maize. The mean yield of 
single-crosses was greater than that for three-way hybrids by 
3.1 q/ha. Yield of the best single-cross was 8.6 q/ha above 
that of the best three-way hybrid, but the poorest single-
cross yielded 4.1 q/ha less than the poorest three-way cross. 
The superiority of single-crosses was attributed to a more 
complete utilization of both dominant and epistatic gene 
effects. The hybrids x environments mean square for single-
crosses was more than twice that for double-crosses, with 
the mean square for three-way hybrids intermediate. These 
results, although based on a relatively narrow range of en­
vironments, support those of previous workers (Sprague and 
Pederer, 1951? Rojas and Sprague, 1952; Eberhart, Russell and 
Penny, 1964; Eberhart and Russell, I969), indicating that 
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single-crosses as a group are less stable over environments 
than either three-way or double-crosses. 
Relative Importance of General and 
Specific Combining Ability 
Whether three-way grain sorghum hybrids will be competi­
tive with single-crosses will depend to a large extent on 
relative importance within the genotypes used of the differ­
ent types of gene action involved in the inheritance of grain 
yield and other important agronomic characters. 
Sprague and Taturn (19^2) originated the concepts of 
general and specific combining ability. They defined general 
combining ability as the average performance of lines in hybrid 
combinations. They used the term specific combining ability 
to designate deviations of certain crosses from the performance 
expected on the basis of the average performance of the lines 
Involved. Genetically, general combining ability is associated 
with genes that are additive in their effects, while specific 
combining ability is attributed primarily to deviations from 
additivity caused by dominance and eplstasis. 
Until recently few studies on general and specific com­
bining ability in sorghum had been conducted. King et al. 
(1961) and Whitehead (I962) studied the performance of sorghum 
hybrids and their parents in Texas and Indiana, respectively. 
Although variances for general emd specific combining ability 
were not compared, these workers concluded that additive gene 
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action was more important than nonadditive in determining 
grain yield, sinôe their results indicated that in only very 
few hybrid combinations was the performance substantially 
different from that expected on the basis of either parental 
performance per se, or average performance of the parents in 
hybrid combinations. 
One hundred and ninety hybrids, produced by crossing 10 
male-sterile lines with 19 fertility restoring lines, were 
used by Kambal and Webster (I965) in a study of the relative 
Importance of general and specific combining ability in grain 
sorghum. The parents were considered a sample of those avail­
able at that time for the production of reasonably good hybrids, 
so that Inferences could be related to other populations with 
which sorghum breeders were working. Characters studied in­
cluded grain yield, 100-seed weight, plant height and days to 
first bloom. In nearly every Instance, general and specific 
combining ability variance estimates were significantly greater 
than zero. General combining ability was relatively more im­
portant than specific combining ability in determining the 
characters studied. The ratio of to ranged from 0.7 g ° 
to 18.5 with an average of 5«5* 
Nlehaus and Pickett (I966) computed combining ability 
analyses for and data from a diallel cross of eight 
selected Inbred lines of sorghum. The traits measured included 
grain yield and its components, days to midbloom and plant 
height. In the generation all traits had significant mean 
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squares (0,01 level) for both general and specific combining 
ability. The ratio of general to specific combining ability 
components exceeded unity for all traits except lOO-seed 
weight. The ratio ranged from 5*88 for plant height to 0.59 
for lOO-seed weight. In the Pg, the magnitude of all compo­
nents was smaller, with the specific component showing a dis­
proportionately large decrease. This indicated that there was 
considerable nonadditlve gene action in the generation, 
much of which was lost in the Pg. However, since these were 
selected lines the observations cannot be applied to sorghum 
in general. 
Bell and Atkins (196?) made estimates of general and 
specific combining ability using data from 40 P^^ grain sor­
ghum hybrids derived from crosses between five A-lines and 
eight R-llnes. Significant differences among general combin­
ing ability effects of the lines were obtained for grain yield 
and all primary components of yield, but differences among 
specific combining ability effects were significant only for 
100-seed weight. An evaluation of variance components for 
grain yield revealed that variances for general combining 
ability were three times greater than the components for 
specific combining ability. Similar ratios were obtained for 
heads/plant and 100-seed weight. In contrast with the results 
of Kambal and Webster (I965) specific effects showed greater 
stability over environments than did general effects. Aver­
age heterosis and the mean square for parents vs hybrids also 
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•were used as measures of nonadditlve gene effects. Striking 
heterosis was not obtained and the parents vs hybrids mean 
square was not significant for any character studied, indica­
ting the minor Importance of nonadditive gene effects. 
The relative importance of additive, dominance, and 
digenic epistasis for a number of quantitative traits in 
grain sorghum was investigated by Liang and Walter (I968). 
Prom the parental lines, the and Pg generations, and back-
crosses of the Pj with each parent, of three crosses informa­
tion on the nature of gene action for various traits was ob­
tained by generation mean analyses. Additive gene effects 
seemed to make a minor contribution to the inheritance of 
grain yield, kernel weight and kernel number, but seemed more 
important for days to midbloom and plant height. In the in­
heritance of most traits, dominance effects of genes made a 
major contribution. Among the three types of epistatic 
effects, additive x additive and dominance x dominance were 
important. The magnitude of the additive x additive effects 
was comparable to that of the dominance effects and greater 
than that of the additive effects. Although inferences could 
not be made to sorghum in general the authors concluded that 
epistasis should not be disregarded and that genetic models 
assuming negligible epistasis would be biased. 
Although a study of gene action was not a planned part 
of the experiment conducted by Boss (I969) his results did 
imply that epistasis was of little or no consequence for 
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grain yield in sorghum. This was concluded on the "basis of 
a lack of real differences between yields of three-way and 
related single-cross hybrids. He suggested that the major 
gene effects probably were additive and dominant. 
A subsequent study by Liang (1971) gave similar results. 
Based on the model developed by Sprague et al. (I962), the 
presence of epistasis was investigated by comparing the means 
of balanced sets of single-cross and three-way hybrids for 
grain yield and days to midbloom. There was no significant 
difference between sets of single and three-way crosses for 
eJ^ther yield or midbloom, indicating that epistasis is not 
important in the inheritance of these traits. The author 
pointed out, however, that since the number of lines was small 
and not truly representative of the population with which 
breeders were working, valid inferences could not be made to 
situations involving other lines. 
Variability 
Because of the opportunity for segregation provided by 
the use of a single-cross parent, genetic heterogeneity is 
to be expected in three-way hybrids. This heterogeneity may 
be advantageous in the performance of the hybrids. Gustafsson 
(1946), from studies with barley, concluded that even slight 
genetic heterogeneity in a population can lead to effects in 
performance that are not simply additive properties of the 
components. Many workers (Burton, 1948; Allard, I96I; 
16 
Shaalan, Heyne, and Lafgren* I966) have since investigated 
the possibility of improving crop performance through the use 
of limited genetic heterogeneity. Reich and Atkins (1970)# who 
evaluated yield stability of four population types of grain 
sorghum (parental lines, hybrids, blends of parental lines, 
and hybrid blends) in nine environments over two years, found 
that heterogeneous populations (hybrid blends) were the most 
productive and stable population type. It is also true that 
an upper limit to variability is set by the demands of pro­
ducers and processors of crops. 
Variability within a population can arise from two 
sources, genetic heterogeneity and environmental variability. 
Variability from environmental causes can occur even in 
genetically homogeneous populations. Among outbreeding species 
of animals and plants, the nongenetlc or environmental compo­
nent of variability has been shown to be Inversely proportional 
to the level of heterozygosity (Robertson and Reeve, 1952j 
Lemer, 1953)» Working with an Inbreeding species, barley, 
Gustafsson (1946) found that heterozygotes were more variable 
than homozygotes, but the difference was not great. These 
findings are in agreement with Lemer* s (195^) hypothesis that 
departure from the breeding system which is normal for the 
species leads to reduced buffering of developmental processes 
in individuals, and, therefore, to greater variability rem 
suiting from differences in environment. 
This hypothesis was not substantiated by later work with 
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inbreeding species (Jinks and Mather, 1955; Paxman, 1956? 
Smith and Daly, 1959) which indicated that the variability of 
hybrids fell within the range of the inbred parents. 
Working with grain sorghum, Hadley (1957) reported on the 
variation in plant height in two inbred parents (Double Dwarf 
White Sooner milo and Durra P.I. 5^484) which differed widely 
in mean plant height and their hybrid. The shorter parent 
had a mean height of 17 inches with a variance of 3.1, and 
the taller parent (Durra) was 6l inches with a variance of 
122.7. The variance for plant height in the P^ was intermedi­
ate, 18.3, but with some indication of low variability being 
dominant. Hadley suggested that the greater variation of the 
taller parent might have been due to failure of the main head 
in many plants to emerge from the boot. It may also have been 
due to a positive relationship between the variance and the 
magnitude of the mean. 
A more recent contribution to tkj understanding of 
patterns of variability in inbreeding species was made by 
Williams (I96O) who studied variability for five characters 
in eight inbreds and six tomato hybrids. All plants were 
grown under glass where environmental variability was expected 
to be high compared with field conditions. Standard devia­
tions of individual plot means were used as a measure of the 
relative stability of the different genotypes in the face of 
small random fluctuations during development, that is, the 
latitude allowed by a genotype to each individual in develop-
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ment. For most characters the variability for hybrids 
fluctuated around the mid-parental value, but for flowering 
date low variability was transmitted as a dominant factor. 
Williams concluded there was no intrinsic difference between 
inbreds and hybrids in ability to buffer against, or 
eliminate, the variability induced by the environment. In 
this study, it was also reported that In many Instances the 
differences in variability could be accounted for, to a large 
extent, by the magnitude of the means. This contrasts with 
the findings of GriffIng and Langridge (I963) who measured 
the variability of fresh weight in the obligate self-fertiliz­
ing species, Arabldopsls thallana, I^brids were less variable 
over a range of constant temperatures than the parents, and 
they concluded that this species performs no differently than 
an outbreeding species. 
The hypothesis put forward by Lemer (195^) was supported, 
however, in two recent studies with Gossyplum hirsutum. a 
normally self-pollinated species (Kohel and White, I963; 
Kohel, 1969). In these studies the results Indicated that 
the homozygous parents exhibited greater stability than the 
P^ hybrids. 
In hybrids Involving more than two inbreds there is the 
opportunity for variability arising from both genetic and 
environmental causes. Thus in three-way crosses the level of 
variability would be expected to exceed that in single-cross 
hybrids. Stephens and Lahr (1959)t from evaluations of 
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three-way and single-cross grain sorghim hybrids in Texas, 
concluded that three-way hybrids were not necessarily more 
variable than single-crosses for characters such as date of 
bloom and plant height. However, Rosenow (I968) in reporting 
on the merits of using sterile single-crosses for hybrid seed 
production, drew attention to the fact that care should be 
exercised in selecting lines for the sterile single-cross so 
that the three-way hybrid would not be excessively variable. 
The reasoning of Pinnell (19^3) in relation to studies 
with maize may be applicable to three-way crosses and a quote 
seems appropriate here. 
A late inbred is thought of as carrying genes for late­
ness, while an early inbred has genes for earliness, A 
cross between such lines results in a uniform single-
cross intermediate in maturity. On this basis a double-
cross of the type (ExE) x (LxL) is expected to be rela­
tively uniform and intermediate in maturity. However, 
in a double-cross of the (ExL) x (ExL) type, opportunity 
for segregation of genes for maturity would appear to be 
present and such a double-cross is expected to be more 
variable than the first (Pinnell, 19^3)» 
Eckhart and Bryan (1940) conducted experiments with 
maize designed to determine whether the double-crosses pro­
duced by these two methods differed with respect to performance 
or variability. Three-year means showed no significant differ­
ence in yield between methods of combining the lines. In 
Individual analyses of the data from each season the variance 
ascribed to method of combining was significant in one season 
and not in the other two. In the year when significance was 
indicated there was a mean difference of six bushels/acre in 
favor of the (ExE) x (LxL) hybrid. Plant-to-plant variability 
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within the two types of hybrids was studied with respect to 
silking date, plant height, ear height, ear weight, ear di­
ameter, and ear length in each of two years. The variability 
of the (ExE) X (LxL) types was significantly lower than that 
of the (ExL) X (ExL) types for all characters studied. This 
indicates that uniformity in the double-cross may be attained 
by combining phenotypically similar lines in the same single-
cross. 
Pinnell (19^3) Investigated the possibility of predicting 
the uniformity of a double-cross in maize from a study of char­
acters of the inbred parents. Pour inbreds were selected on 
the basis that they were of diverse origin and differed widely 
in several quantitative characters. Two of the inbreds, A25 
and A71, were much taller and later than the others, Alll and 
AI58. The two types of double-crosses, (ExE) x (LxL) and 
(ExL) X (ExL) were produced and compared for performance and 
variability. 
The three double-crosses did not differ by a significant 
amount for any character, but when plant-to-plant variability 
in each double-cross was analyzed, significant differences 
were observed. However, the differences observed did not 
conform with expectations. The most uniform double-cross was 
one of the (ExL) x (ExL) types. The explanation offered was 
that unrelated inbreds that look alike for a particular 
character very probably differ for some of the genes governing 
the expression of that character, so that even in the (ExE) x 
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(LxL) type double-cross there is opportunity for segregation. 
This contention might also account for the results of Eckhart 
and Bryan (1940), since many of the lines within each of their 
phenotypic classes had a common origin. 
Pinnell concluded that it was impossible to predict the 
relative variability of double-crosses on the basis of the 
character means of either the inbreds or single-crosses. 
Effects of Cytoplasm 
Jones (1956) stated that the normal interrelationship 
produced by the evolution of genes and cytoplasm together 
provides for normal growth, development, and the transmission 
of characteristics to successive generations. When this 
relationship is altered as a result of hybridization between 
different types, a failure of some developmental processes 
may result. In plants this disturbance most often is ex­
pressed as chlorophyll degeneration or pollen abortion. The 
possibility that cytoplasmic differences may have effects on 
agronomic characters has received its greatest attention from 
com breeders. 
Jones (1950) compared fertile and sterile maize inbreds 
and hybrids having the same genotype but differing in cyto­
plasmic constitution. He observed that plant height, flowering 
time and yield were not influenced by cytoplasmic differences. 
From these results, and the general similarity of reciprocal 
crosses in maize, he concluded that varietal differences were 
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brought about by chromogenic differences and that the cyto­
plasm was basically the same. 
Some workers (Rogers and Edwardson, 1952j Duvlck, 1958; 
Chlnwuba, Grogan and Zuber, I96I; Grogan et al., I965) have 
reported that maize genotypes In male-sterlllty Inducing 
cytoplasm will outyleld the same genotypes In normal, or 
fertile, cytoplasm. This has been particularly apparent when 
the plants were subjected to stress conditions. Generally It 
was reasoned that the superiority of genotypes In sterile cyto­
plasm was the result of decreased competition for available 
nutrients between the tassel and ear prlmordla. 
Duvlck (1965) reported that sterile cytoplasm effects 
the plant before melosls, and that It,does so Independently 
of Its effect on pollen fertility. In maize lines with 
sterile cytoplasm and dominant restorer genes, where pollen 
sterility Is not a factor, a yield reduction due to sterile 
cytoplasm was revealed. Duvlck emphasized that the small 
magnitude of the yield reduction makes It imperative to have 
high numbers of replications for detecting the small differ­
ences and establishing statistical significance. 
Cytoplasm effects were compared by Fleming, Kozelnicky 
and Browne (i960) by testing a double-cross maize hybrid made 
in the four possible combinations to test the effects of each 
inbred's cytoplasm. Significant cytoplasmic effects were 
obtained for plant height, flowering date, and yield. They 
noted that genotype x cytoplasm and cytoplasm x environment 
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interactions often exist. The results indicated that differ­
ences in the performance of inbreds per se do not necessarily 
indicate differences in their cytoplasmic effects in hybrid 
combinations. However, differences that did exist were in 
the direction expected on the basis of inbred performance. 
These workers concluded that in constituting a commercial 
double-cross an effort should be made to bring together the 
cytoplasm and genotype combination that gives the most 
efficient production in the final cross. 
Little work has been reported that evaluates the effects 
of fertile and sterile cytoplasms on agronomic characters in 
sorghums, Ross (I965) found that in sorghum populations with 
different proportions of fertile and sterile plants, grain 
yields usually declined as the proportion of male-sterile 
plants increased, Kem (I969) presented the results of a 
two-year study on the effects of fertile and sterile cytoplasm 
on agronomic performance of grain sorghum. He found that 
three hybrids having sterile cytoplasm did not differ signifi­
cantly from their counterparts with fertile cytoplasm for 
grain yield or the primary components of yield. However, in 
both years the fertile cytoplasm hybrids produced slightly 
more seeds/head and fewer heads/plant than those with sterile 
cytoplasm. The fertile cytoplasm hybrids bloomed slightly 
later and were shorter, but the differences were significant 
in only one year. It should be noted that in this study all 
hybrids were fertile, thereby allowing study of cytoplasmic 
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effects independent of the effects of pollen fertility. The 
effects of sterile and fertile cytoplasms on inbred line per­
formance also were studied by Kern. The sterile lines pro­
duced significantly less grain, higher 100-seed weights, and 
fewer seeds/head than the maintainer (B) lines, and in both 
years the steriles bloomed significantly later than the B-
lines. In this comparison, however, some lines were male 
sterile and some were male fertile so that the effects may be 
due in part to pollen fertility per se. 
Quinby (I970) also studied the effects of sterile cyto­
plasm in sorghum hybrids. Two hybrids with sterile cytoplasm 
were compared with versions of the same hybrids in fertile 
cytoplasm over a six-year period in Texas. All hybrids were 
male fertile, and the two versions of each hybrid were alike 
genetically. Sterile cytoplasm caused a half-day delay in 
flowering and a 3 cm increase in plant height. These differ­
ences were statistically significant. The number of tillers/ 
plant was not influenced by differences in cytoplasm. The 
two cytoplasms seemed to have no significantly different 
effects on grain yield. Yields of fertile and sterile cyto­
plasm versions of either hybrid did not differ by more than 
4 q/ha in any year, and the overall mean yields of fertile and 
sterile cytoplasm hybrids were 49.2 and 49.3 q/ha, respectively. 
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MATERIALS AND METHODS 
Conduct of the Experiment 
The male-sterile (A) lines, maintainer (B) lines, and 
the fertility restoring (R) lines used in producing the grain 
sorghum hybrids evaluated in this study are listed below; 
A-lines B-lines R-lines 
Combine Kafir 60 Combine Kafir 60 Texas 7078 
Martin Martin Redbine 60 
Wheatland Wheatland Plainsman 
Radian Redlan Caprock 
In 1966 each A-line was crossed with each B-line other 
than its counterpart to give 12 male-sterile single-crosses. 
Sixteen fertile single-crosses were produced in I968 by 
crossing each A-line with each of the R-lines. Also in 
1968, the 12 male-sterile single-crosses were crossed with 
each of the R-lines to produce 48 three-way cross hybrids. 
The 12 parental lines, 12 male-sterile single-crosses, I6 
fertile single-crosses, and 48 three-way crosses provided a 
total of 88 entries for my experiments. Two experiments were 
planted at the Iowa State University Agronomy Farm, Ames, 
on May 23, I969. Both experiments were repeated in 1970 with 
plantings made on May 20. 
In one experiment, hereafter referred to as the yield 
test, the entries were planted in single-row plots, 20 feet 
long and 40 inches apart, using a randomized complete block 
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design with two replicates. Plots were thinned after emergence, 
leaving a three-inch interval between plants in a row. During 
thinning care was taken not to favor either the smaller or the 
more vigorous plants so that final stands would be truly repre­
sentative for each entry. The central 16 feet of each plot 
was staked for harvesting, with only fully competitive plants 
included in the designated area. Heads were harvested and 
bagged separately for each plot and dried artificially at 
71°C to a grain moisture content of approximately 10#. Yields 
of the threshed grain were recorded in grams per plot, with­
out further adjustment for slight grain moisture differences. 
In the second experiment, hereafter referred to as the 
spaced test, the rows were 12 feet long and plants were thinned 
to give a within-row spacing of six inches. Again, care was 
taken to avoid any element of selection during thinning. 
Before the heads were exserted from the flag leaf ten competi­
tive plants were designated in each plot for use in the collec­
tion of individual plant data. As before, all plants were 
treated equally, only those plants adjacent to gaps along the 
row or plants at the ends of rows were denied the possibility 
of inclusion in the sample. In a few instances grossly ab­
normal plants that would obviously not exsert a head were 
omitted from the sample. 
Measurements taken on an individual plant basis and the 
methods of measurement were as follows: 
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Days to mldbloom: The number of days from planting 
until the extrusion of anthers, or stigmas in the 
case of male-sterile entries, had progressed midway 
down the main-stalk head. This measurement is con­
sidered a reasonable index of relative length of 
the growing period among grain sorghum lines and 
presents fewer problems of measurement than does 
days to seed maturity. 
Plant height: Height, in centimeters, from the crown 
to the tip of the main-stalk head, recorded at 
maturity. 
Number of heads/plant: The number of seed-bearing heads 
produced by each plant, recorded at harvest time. 
Grain yield; The weight, in grams, of seed produced by 
each plant. Before threshing the heads were dried 
artificially at 71°C. Grain moisture contents of 
approximately 10% were attained for all entries and 
further adjustment for slight differences in mois­
ture content were not made. 
Weight of 100-seeds; The weight, to the nearest centi­
gram, of a sample of 100 seeds taken randomly from 
the threshed grain of each plant. 
Number of seeds/head: The average number of seeds per 




Prom the individual plant measurements recorded for each 
plot, a plot mean and a within-plot standard deviation was 
calculated for each character. The within-plot standard 
deviation (SD) was calculated in the following way: 
where x represents the individual plant measurements in a 
particular plot. 
Estimation of Combining Ability Effects 
The general combining ability effect of each male parent 
in the fertile single-crosses was estimated as the difference 
between the mean of all fertile single-crosses involving that 
particular male parent and the mean of all fertile single-
crosses. The general combining ability effect of each female 
parent of the fertile single-crosses was estimated in a 
similar manner. The specific combining ability effect for 
each fertile single-cross was estimated as the difference 
between the mean for that particular hybrid and the sum of 
the general effects of the parents involved plus the mean of 
all fertile single-crosses. The estimates for grain yield 
were made from the data obtained from the yield test, and 
those for the components of yield were made from data obtained 
from the spaced test. 
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Combining ability effects in sterile single-crosses 
per se and in sterile single-crosses as components of the 
three-way crosses were calculated according to the procedure 
outlined by Griffing (1956) for diallel crossing systems in 
which P^'s and reciprocals are included but not the parents. 
The general effects were computed according to the following 
formula: 
- 2:.] 
where is the general combining ability effect of the 1^^ 
parent, p is the number of parents in the diallel, is the 
total for hybrids having the 1^^ line as a female parent, 
X is the total for hybrids having the 1^^ line as a male 
parent, and x is the grand total for all hybrids in the # # 
diallel. 
Specific combining ability effects in these hybrids 
were computed as follows: 
^13 " + ==Jl' - + \ i ]  *  
1 Y 
(p-l)(p-2) 
where 8^j is the specific combining ability effect associated 
with the hybrid involving the 1^^ and parents, 1 ^  j, 
Xj^j is the mean for the hybrid involving the 1^^ line as a 
seed parent and the j line as a pollen parent, is the 
reciprocal of x^j, is the total for hybrids having the 
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line as a female parent, X , is the total for hybrids # X 
having the i^^ line as a male parent, X. and X , have similar 
J • « J 
interpretations for the parent, X is the total for all 
entries in the diallel and p is the number of parental lines 
used in the diallel. 
The general combining ability effects of R-lines and 
sterile single-crosses in the three-way crosses, and the 
specific combining ability effects of individual combinations 
of R-linss and sterile single-crosses, were estimated from the 
performance of three-way hybrids in a manner analogous to that 
used for parents and hybrids in the fertile single-crosses. 
Estimation of Reciprocal Effects 
Reciprocal effects in sterile single-crosses per se and 
in sterile single-crosses within three-way crosses also were 
calculated in accordance with the methods described by Griffing 
(1956)» These effects were calculated as: 
- Xjl) 
where R is the reciprocal effect associated with crosses 
^ J 
involving the i^^ and parents, and and are the 
means of a cross and its reciprocal. 
Prediction of Grain Yield of Three-Way Crosses 
Two methods for predicting the yield of three-way crosses 
were evaluated. One method was analogous to Method B described 
by Jenkins (1934) for the prediction of double-cross 
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performance from single-cross data. This method utilizes the 
performance of the four nonparental single-crosses to predict 
double-cross performance. In the prediction of three-way 
cross performance the two nonparental single-crosses were 
used as follows: 
(A B) R = i [(A R) + (B R)] 
where (A B) R Is the three-way cross having R as a male 
parent and the sterile single-cross (A B) as a female parent. 
(AR) Is the fertile single-cross Involving parents A and R, 
and (BR) Is the fertile single-cross Involving parents B and 
R. 
The second method of prediction was based on the per­
formance of parental lines per se, and the predicted three-
way cross performance was calculated as follows: 
(A B) a . 
Where (A B) R is the three-way cross involving the sterile 
single-cross (A B) as a seed parent and line R as a pollen 
parent. R' is the performance of line R, and A' and B' are 
the performances of the A and B genotypes in normal cytoplasm. 
It was believed that the yield potential of sterile lines could 
be affected by the completeness of cross-pollination thereby 
allowing the possibility of bias if the performance of sterile 
lines were included in the prediction equation. 
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Statistical Development 
The lines used as parents in my experiments were con­
sidered a fixed set selected from those lines that sorghum 
"breeders might use in the development of superior hybrids for 
Iowa, In terms of soil conditions and other edaphic factors 
the replicates were considered a random sample of the condi­
tions under which these populations might be grown in Iowa. 
The statistical model describing the performance of the i^^ 
entry, in the replicate in any one year was: 
Yij = u + Gi + Bj + Eij 
where u is the mean of all entries, is the discrepancy be­
tween the performance of the i^^ entry in the replicate 
and the mean of all entries which can be unambiguously 
attributed to the particular genotype or genotypes of that 
entry. Bj is the deviation from u attributable to the effect 
of the replicate and is the experimental error 
associated with the measurements on that particular entry in 
that particular replicate. 
The nature of this mixed model dictated the analysis of 
Individual experiments, emd also the tests of significance that 
were made. The form for the analysis of variance for each 
character in each experiment Is shown in Table 1. 
P ratios used to test for significant differences among 
entries were calculated as Entries M.S./Error M.S. The error 
mean square also was used to calculate F ratios in the tests 
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Replications (B) r-1 =s 1 a%+ na^g 
Entries (G) n-1 » 87 cr% + rig^^/n-l 
Error (e) (r-l)(n-l) = 87 
Total (m-1) = 175 
of significance for each of the orthogonal slngle-degree-of-
freedom comparisons separated in the partitioning of the 
entries sums of squares. The form for the analysis of vari­
ance, showing the subdivision of the entries source of varia­
tion is given in Table 2. 
For the analysis described in Table 1 the standard tech­
niques for randomized complete blocks as outlined by Snedecor 
and Cochran (I967) were used. In calculating sums of squares 
for the partitioning of the entries source of variation the 
data for each group of entries (parents, sterile single-
crosses, fertile single-crosses, and three-way crosses) were 
analyzed as separate experiments. Likewise, the among A-lines 
sums of squares were calculated by analyzing the data for A-
lines using the standard techniques for randomized complete 
block designs. Similar analyses were made from the data for 
B-lines and R-lines. 
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Table 2. Form for the analysis of variance of Individual year 
data, showing subdivision of entries sum of squares 
Degrees 
of 
Source of variation freedom 
Replicates 1 
Entries 8? 
Fertile singles vs three-ways 1 
Hybrids vs parents 1 
Sterile singles vs 
(fertile singles + three-ways) 1 
Among parents 11 
Among A-lines 3 
Among B-llnes 3 
Among R-lines 3 
A vs B-llnes 1 
(A + B-llnes) vs R-llnes 1 




Among fertile single-crosses 15 
g.c.a. (males) 3 
g.c.a. (females 3 
s.c.a. 9 
Among three-way crosses 4? 
R-llnes 3 




Sterile singles x R-lines 33 
Reciprocals z R-llnes 18 
g.c.a. X R-lines 9 
s.c.a, X R-lines 6 
Error (reps x entries) 8? 
Total 175 
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The sterile single-crosses comprised a complete diallel 
set of crosses in which reciprocals "but not selfs were in­
cluded. Accordingly, the sterile single-cross data were 
analyzed using the procedures outlined by Griffing (195^) 
for Experimental Method 3 (Model 2). 
The fertile single-crosses fit a two-way classification 
model with interaction, and were analyzed in accordance with 
the procedures described by Comstock and Robinson (1952) for 
their Design 2 experiment. Three-way crosses were analyzed in 
similar fashion. A portion of the variation among three-way 
crosses was attributable to variation among their sterile 
single-cross components. The sums of squares for this sub­
component were partitioned further by treating the sterile 
single-crosses within the three-way hybrids as a diallel to 
estimate the variation attributable to reciprocal, g.c.a., and 
s.c.a, effects as was done with the sterile single-crosses 
mZ se­
in the analysis of data from experiments combined over 
years a mixed model was assumed, that is, the two years were 
considered a random sample of seasons in which these sorghums 
might be grown, but the lines tested were thought of as a fixed 
sample from those lines that sorghum breeders might use in the 
development of superior hybrids. The form for the analysis 
of variance for each character in the combined experiments is 
shown in Table 3» For each character the P ratio for testing 
the entries x years source of variation was calculated using 





Years (Y) y-1 = 1 + ma^Y * 
Replicates/years (B) y(r-l) = 2 + 
Entries (G) n-1 = 87 + /n-1 
Entries x years (GY) (n-l)(y-l) = 87 + 
Pooled error (e) y(r-l)(n-l) = 174 
Total 
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the mean square for the pooled error as the denominator. It 
was only in the analyses of data for variability in grain 
yield, heads/plant, and seeds/head that the entries x years 
mean square was not significant. 
It has been pointed out by Cochran and Cox (1957) that 
the assumption that interaction terms have the same variance 
is necessary if the P test of entries against entries x years 
Interaction mean square is to be meaningful. To determine the 
validity of this assumption the entries sum of squares for 
each character in which the entries x years mean square was 
significant was divided into a set of orthogonal components, 
namely, among A-lines, among B-lines, among R-lines, among 
sterile single-crosses, among fertile single-crosses, and among 
three-way crosses, along with single-degree-of-freedom compari­
sons of A vs B-lines, A and B vs R-lines, parents vs hybrids, 
fertile single-crosses vs three-way crosses, and sterile 
single-crosses vs fertile singles and three-way crosses. The 
entries x years interaction sums of squares were partitioned 
in the same manner so as to isolate the interaction of each 
component with years. Homogeneity of the variances for these 
interaction terms was evaluated by Bartletts* test, as de­
scribed by Snedecor and Cochran (I967). 
The results of these tests indicated that the assumption 
of homogeneity of variances for the interaction terms was 
valid for all characters for which a significant entries x 
years interaction had been noted, with two exceptions. 
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The chi-square values computed for seeds/head and 100-seed 
weight indicated that the interaction mean squares were 
heterogeneous for these traits. In the testing of differ­
ences between entries in the combined analyses, therefore, 
each component of the entries sum of squares was tested against 
its own interaction with years for the characters seeds/head 
and 100-seed weight, but each component was tested against 
the total entries x years interaction mean square in the case 
of the remaining characters for which entries x years had been 
significant, as suggested by Cochran and Cox (1957)» An 
unavoidable drawback to this procedure is that the degrees of 
freedom in the denominator of P are reduced for seeds/head and 
100-seed weight. 
The mean square for years was tested against the repli­
cates within years mean square for each character. This is 
in accord with the reasoning of LeClerg, Leonard, and Clark 
(1962) who regarded the analysis of data combined over years 
as analogous to that of a split-plot experiment in which years 
were thought of as main plots. The mean square for replicates 
within years then would be analogous to Error (a) In a simple 
split-plot experiment. 
The combined analyses were calculated for 100-seed weight, 
heads/plant, days to mldbloom, and plant height even though 
the P ratio of S^/Sg» where and Sg were the larger and 
smaller error mean squares from individual year analyses re­
spectively, indicated that the error variances for these traits 
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were significantly different between years (P = .05)t when 
compared with tabulated 3% probability levels of P (two-
tailed), The use of the combined analyses is justified by 
the fact that the P test of entries mean squares against 
entries x years interaction mean squares is little affected 
by inequality in the error variances when the interactions 
are large, Cochran and Cox (1957). Similar P tests indicated 
that error mean squares for grain yield and seeds/head were 
statistically equivalent over years. 
A combined analysis of within-plot variability was cal­
culated for each character, although P tests had shown error 
terms to be heterogeneous over years, and entries x years to 
be insignificant for variability in seeds/head and heads/plant. 
The combined analyses for variability in these characters were 
calculated since within-plot variability for seeds/head and 
heads/plant was considered to be of minor importance and it 
was deemed desirable to treat all of the variability data in 
a consistent manner. 
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EXPERIMENTAL RESULTS 
Rainfall and temperature conditions at Ames, Iowa, during 
1969 and 1970 were suitable for good growth and development of 
sorghum. The mean yield, in bushels/acre, for all entries was 
101 in 1969 and 10? in 1970. Although plant growth did not 
seem stressed in either year, the lower yield in I969 may have 
resulted, at least in part, from lodging that followed a severe 
windstorm on September 6 which seemed to affect all entries 
equally, and the failure of some male-sterile types to attain 
full seed-set. 
The experimental results will be presented in the follow­
ing order; (1) grain yield and its primary components; (2) 
predictions of grain yields of three-way crosses; (3) plant 
height and days to midbloom; (4) within-plot variability. 
Grain Yield and Yield Components 
In the presentation of yield and yield component data 
grain yield will refer to grain yield obtained in the yield 
test and the components will refer to yield components measured 
in the spaced test. Table 4 shows the analyses of variance for 
grain yield, 100-seed weight, seeds/head, and heads/plant. P 
tests made from the combined analyses indicated there were sig­
nificant differences between years for grain yield and for each 
of its primary components, and between entries for grain yield 
and heads/plant. A significant entries z years interaction 
Table 4, Analyses of variance for grain yield and yield components for combined 















Years 1 3430172** 4.330** 2398352** 22.756** 
Replicates/years 2 24656 0.015 99179 0.225 
Entries 87 259838** 0.405 356920 0.134** 
Entries x years 87 72932** 0.079** 103516* 0.105* 
Pooled error 174 47766 0.049 69203 0.076 
*, **In this table and all tables hereafter, one and two asterisks indicate 
significant differences at the five and one percent probability levels, 
respectively. 
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was indicated for each character. The variation attributable 
to replicates within years was not significant for any 
character. 
The mean squares derived by partitioning the entries 
sums of squares, and the levels of significance obtained when 
tested against the appropriate mean square, are given in 
Table 5* Significant differences in grain yield were indicated 
among R-lines, among fertile single-crosses and among three-
way crosses. The variation among A-lines was highly signifi­
cant (P = .01) for heads/plant. A similar result, at a lower 
probability (P • *05)» was found for the R-lines. Significant 
differences among the R-lines (P = .05), among sterile single-
crosses (P •» .01), and among fertile single-crosses (P = .05) 
were found for seeds/head. Variation among fertile single-
crosses and among three-way crosses for 100-seed weight was 
significant at the .05 and .01 probability levels, respectively. 
In addition to examining the variation among parental and 
hybrid types, differences between these types also were 
analyzed. Among the parents, the performances of A-lines and 
their B-line counterparts were contrasted, as were the A and 
B-lines with the R-lines. A-lines also were compared with 
sterile single-cross hybrids. Among the different hybrid 
types, fertile single-crosses were compared with three-way 
crosses, and sterile single-crosses with fertile singles plus 
three-way hybrids. The latter comparison contrasts the per­
formance of fertile and sterile hybrids. In addition, the 
Table 5, Line, hybrid, line x year, and hybrid x year mean squares from analyses 













































































Three-ways x years : 127394* 58779 0.093** 0.025 108955 89515 0.118 0.109 
Entries x years 87 72932** 0.079** 103516* 0.105* 
Pooled error 174 47766 0.049 69203 0.076 
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performance of hybrids as a group was contrasted with that of 
parents as a group. 
Single crosses vs three-way crosses 
Mean squares for selected comparisons "between the hybrid 
groups are given in Table 6, A main objective of this study 
was to compare the productivity of three-way hybrids and 
fertile single-crosses. Table 6 indicates that these hybrid 
types did not differ significantly in grain yield, or for any 
of the primary components of yield, when two-year means were 
analyzed. These results were found also in each of the in­
dividual years (Appendix Tables 66 and 6?). The lack of sig­
nificance for the fertile single-cross vs three-way hybrid 
comparison indicated that the means of single-crosses and 
three-way hybrids as groups were equivalent. 
Examination of the group means alone may not fully char­
acterize the relative merits of the two hybrid types, however, 
since individual hybrids within one group may outperform the 
best hybrid in the other group even though group means are 
equivalent. Accordingly, the range of values within each 
group is of interest. Means of fertile single-crosses and 
three-way hybrids as groups, and the range observed among 
the means within each group, for grain yield and its components 
are presented in Table 7» Generally, the ranges for individual 
hybrid means were similar within both groups. Based on an 
LSD .05 of 380 g for grain yield (computed from the combined 
Table 6. Mean squares for hybrids vs parents and between hybrid-group comparisons 
for grain yield and components of yield from analyses of combined 19^9 















Hybrids vs parents 1 
Hybrids vs parents x 
years 1 
Fertile singles vs 
three-ways 1 
Fertile singles vs 
three-ways x years 1 
Sterile singles vs 
(fertile singles + 
three-ways) 1 
Sterile singles vs 
(fertile singles + 
three-ways) x years 1 
Entries x years 87 

































Table 7, Hybrid-group means and range of individual hybrid means within groups 
for grain yield and its components from individual and combined I969 
and 1970 experiments 
Character 
Grain lOO-seed 
Year and yield weight Seeds/ Heads/ 
hybrid type Parameter (g/plot) i s )  head plant 
1969 
Fertile singles Mean 3432 , 2.36 , 2366 2,13 
Range 2850 - 3843 2.06 - 2,67 1998 - 2972 1.70 - 2. 55 
Three-ways Mean 3384 2.37 2328 2.16 
Range 2970 - 3912 1.99 - 2.83 1864 - 2749 1,55 - 2. 80 
1970 
Fertile singles Mean 3654 2.62 2454 1.70 
Range 3250 - 3845 2.32 - 2.83 2054 - 2848 1.40 - 2. 30 
Three-ways Mean 3606 2.61 2483 1.60 
Range 3203 - 4176 2.24 - 2.87 1876 - 2969 1.15 - 2. 00 
1969 and 1970 
Fertile singles Mean 3543 2.49 2410 1.91 
Range 3159 - 3803 2.20 - 2.70 2064 - 2910 1.67 - 2. 32 
Three-ways Mean 3495 2.49 2405 1.88 
Range 3106 - 3949 1.98 - 2.85 2075 - 2720 1.47 - 2. 17 
I 
47 
analysis) the two-year means for the highest yielding hybrids 
from each group were statistically equivalent, as were those 
of the lowest yielding hybrids. The data for each of the yield 
components (Tables 6 and 7) indicated there were no significant 
differences in yield structure between the single and three-
way crosses. 
Two-year means for grain yield and its components are 
listed Individually for each fertile single-cross and three-way 
cross in Tables 8 and 9* Mean squares from the combined 
analysis for grain yield and its components in fertile single-
crosses and three-way crosses are given in Tables 10 and 11, 
respectively. 
Table 10 shows that general combining ability effects of 
both the male and female parents contributed significantly to 
the variation in grain yield among fertile single-crosses, 
but specific combining ability effects did not. The mean 
squares in Table 10 show further that the interaction of 
fertile single-crosses with years was significant (P = .05) 
for grain yield. Partitioning this source of variation further 
showed that the interaction of fertile single-crosses with 
years included significant interactions of g.c.a. (females) 
and s.c.a. with years. The nature of these interactions may 
be seen from the general and specific effects presented for 
fertile single-crosses in Tables 12 and 13. In I969 highly 
significant differences (P = .01) between the general effects 
of both male and female parents were observed (Appendix Table 
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Table 8. Means for grain yield and its primary components of 















A Kafir 60 x Tx 7078 3689 2.47 2255 2.15 
X Redbine 60 3472 2.70 2367 1.77 
X Plainsman 3397 2.35 2229 1.92 
X Caprock 3728 2.70 2380 1.95 
A Martin x Tx 7078 3354 2.46 2385 1.83 
X Redbine 60 3305 2.61 2064 1.90 
X Plainsman 3159 2.25 2414 1.85 
X Caprock 3653 2.50 2793 1.75 
A Wheatland x Tx 7078 3561 2.40 2119 2.32 
X Redbine 60 3604 2.64 2567 1.67 
X Plainsman 3347 2.20 2227 2.02 
X Caprock 3607 2.59 2316 2.02 
A Redlan x Tx 7078 3623 2.34 2748 2.00 
X Redbine 60 3804 2.67 2451 1.80 
X Plainsman 3582 2.46 2327 1.80 
X Caprock 3795 2.44 2910 1.80 
LSD .05 380 0.25 281 ns 
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Table 9, Means for grain yield and Its primary components of 




yield weight Seeds/ Heads/ 
Three-way hybrid (g/plot) (g) head plant 
(A K X B M) X Tx 7078 3474 2.50 2365 2.15 
(A M X B K) X Tx 7078 3421 2.41 2426 2.00 
(A K X B M) X RedlDlne 60 3390 2.63 2247 1.92 
(A M X B K) X Redblne 60 3618 2.52 2151 2.17 
(A K X B M) X Plainsman 3242 2.25 2698 1.67 
(A M X B K) X Plainsman 3208 2.13 2533 1.97 
(A K X B M) X Caprock 3717 2.52 2486 1.80 
(A M X B K) X Caprock 3574 2.39 2355 1.90 
(A K X B W) X Tx 7078 3727 2.47 2327 2.02 
(A W X B K) X Tx 7078 3352 2.60 2205 2.10 
(A K X B W) X Redblne 60 3554 2.55 2518 1.77 
(A W X B K) X Redblne 60 3388 2.85 2075 2.00 
(A K X B W) X Plainsman 3274 2.29 2424 1.92 
(A W X B K) X Plainsman 3278 2.32 2380 1.77 
(A K X B W) X Caprock 3550 2.50 2272 2.10 
(A W X B K) X Caprock 3758 2.66 2307 1.85 
(A K X B R) X Tx 7078 3950 2.38 2477 2.00 
(A R X B K) X Tx 7078 3677 2.36 2567 1.85 
(A K X B R) X Redblne 60 3672 2.75 2353 1.65 
(A R X B K) X Redblne 60 3538 2.63 2494 1.65 
(A K X B R) X Plainsman 3454 2.48 2358 2.02 
(A R X B K) X Plainsman 3583 2.50 2169 2.00 
(A K X B R) X Caprock 3718 2.67 2720 1.47 
(A R X B K) X Caprock 3795 2.69 2693 1.63 
(A M X B W) X Tx 7078 3288 2.73 2324 1.67 
(A W X B M) X Tx 7078 3447 2.50 2120 2.07 
(A M X B W) X Redblne 60 3493 2.62 2296 1.95 
(A W X B M) X Redblne 60 3429 2.67 2096 2.07 
(A M X B W) X Plainsman 3107 2.31 2418 1.70 
(A W X B M) X Plainsman 3243 2.38 2476 1.80 
A K = A. Kafir 60 B K = B Kafir 60 
A M = A Martin B M = B Martin 
A W = A Wheatland B W = B Wheatland 
A R = A Redlan B R = B Redlan 
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Table 9, (C ont inue d) 
Character 
Grain 100-seed 
yield , weight Seeds/ Heads/ 
Three-way hybrid (g/plot) (s) head plant 
(A M X B w) X Caprock 3556 2o49 2401 2.10 
(A W X B M) X Caprock 3552 2.44 2427 2.02 
(A M X B R) X Tx 7078 3663 2.49 2533 1.85 
(A H X B M) X Tx 7078 3679 2.47 2323 2.05 
(A M X B R) X Redbine 60 3313 2.43 2305 1.97 
(A R X B M) X Redbine 60 3475 2.51 2490 1.63 
(A M X B R) X Plainsman 3395 2.24 2563 1.75 
(A R X B M) X Plainsman 3391 2.31 2372 1.95 
(A M X B R) X Caprock 3522 2.67 2713 1.60 
(A R X B M) X Caprock 3659 2.46 2635 1.85 
(A W X B R) X Tx 7078 3568 2.36 2397 1.82 
(A R X B W) X Tx 7078 3505 2.52 2431 2.02 
(A W X B R) X Redbine 60 3425 2,67 2671 1.52 
(A R X B w) X Redbine 60 3407 2.44 2367 1.82 
(A W X B R) X Plainsman 3204 2.24 2175 2.00 
(A R X B W) X Plainsman 3328 2.38 2398 1.80 
(A W X B R) X Caprock 3689 2.57 2621 1.80 
(A R X B w) X Caprock 3526 2.57 2298 1.87 
LSD .05 380 ns ns ns 
66), "but in 1970 (Appendix Table 6?) general effects were not 
significant for either male or female parents. Among the male 
parents there was little difference in their relative merit for 
g.c.a. for grain yield between years (Tables 12 and 13), but 
among female parents some changes in ranking for g.c.a. were 
evident. The relative merits of A Wheatland and A Kafir 60 
were notably different in the two years. In I969 the general 
Table 10. Analyses of variance for grain yield and yield components of fertile 
single-crosses from combined I969 and 1970 experiments 












Among fertile single-crosses 15 138510* 0,099* 226874* 0.110 
g.c.a. (females) 3 302208** 0.037 323542* 0.117 
g.o.a, (males) 3 282823* 0,368** 275722 0.230 
s • c * a • 9 35951 0.031 178369 0.068 
Fertile single-crosses 
X years 15 95586* 0.026 69543 0.098 
g.c.a. (females) x years 3 172416* 0.067 107853 0.164 
g.c.a. (males) x years 3 20036 0.013 47100 0.011 
s.c.a. X years 9 95159* 0.017 64254 0.104 
Entries x years 87 72932** 0.079** 103516* 0,105* 
Pooled error 174 47766 0.049 69203 0.076 
Table 11, Analyses of variance for grain yield and yield components of three-way 
crosses from combined 19^9 and 19?0 experiments 
Mean squares 
Degrees ' . •-* 
of Grain 100-seed Seeds/ Heads/ 
Source of variation freedom yield weight head plant 
Years 1 2379856** 3.020»* 1149251** 15.075** 
Among three-way crosses 4? 127394* 0.093** 108955 0.118 
R lines 3 945537** 0.759** 213097 0.183 
Sterile single-crosses 11 148983* 0.068** II8709 0.108 
reciprocals 6 25960 0.053 63728 0.066 
g.c.a. 3 433418** 0.056 305400* 0.244 
S 9 c • â. • 2 91400 0.131 3616 0.030 
sterile singles x R lines 33 45821 0.041 96236 0.115 
reciprocals x R lines 18 51567 0.029 66519 0.089 
g.c.a. X R lines 9 50207 0.077* 192788* 0.237* 
s.c.a, X R lines 6 22004 0.022 4056 0.010 
Three-way crosses x years 47 58779 0.025 89515 0.109 
R lines x years 3 27153 0.097 188899* 0.504** 
Sterile singles x years 11 41263 0.052 140375* 0.153* 
reciprocals x years 6 35893 0.020 161417* 0.174* 
g.c.a. X years 3 59253 0.140* 83500 0.089 
s.c.a. X years 2 30388 0.016 162562 0.186 
Table 11, (Continued) 
Degrees W VI w 
Seeds/ Heads/ of Grain 100-seed 
Source of variation freedom yield weight head plant 
(Sterile singles x R lines) 
X years 33 67460 0.009 63527 0.058 
(reciprocals x R lines) 
X years 18 67752 0,014 78193 0.087 
(g.c.a, X R lines) 
X years 9 76230 0,010 61848 0.020 
(s.c.a. X R lines) 
X years 6 53429 0.000 22046 0.031 
Entries x years 87 72932** 0.079** 103516* 0.105* 
Pooled error 174 47766 0,049 69203 0.076 
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Table 12. General and specific combining ability effects for 







females Tx 7078 Redbine 60 Plainsman Caprock 
Specific effects 
Kafir 60 
- 7 -144 214 — 64 108 
Martin - ^ 2 -172 81 132 -289 
Wheatland 108 145 -299 46 - 73 
Redlan 
- 59 171 3 -114 255 
General effects 
of males 31 - 15 -210 193 
Table I3, General and specific combining ability effects for 










Kafir 60 212 - 62 -221 71 - 50 
Martin - 13 39 -156 132 - 61 
Wheatland 
- 75 - 4 276 -198 48 
Redlan -122 30 105 - 2 59 
General effects 
of males - 3 , 22 -133 113 
55 
effects for A Wheatland and A Kafir 60 were -73 and 108 g 
respectively (Table 12), but the corresponding values in 1970 
(Table 13) were 48 and -50 g. 
Although s.c.a. differences did not make a significant 
contribution to the yield variation among fertile single-
crosses in either year (Appendix Tables 66 and 67), the inter­
action between s.c.a and years was significant for grain yield 
in the combined-year analysis (Table 10). Again, reference to 
Tables 12 and 13 provides insight into the nature of this 
interaction. The interaction was most striking in the compari­
sons of specific effects for the Kafir 60 x Plainsman and 
Wheatland x Plainsman crosses over years. Specific effects 
for the Kafir 60 x Plainsman hybrid were 214 g in I969 compared 
With -221 g in 1970, but the specific effects for Wheatland x 
Plainsman went from -299 S In I969 to 276 g in 1970. 
General and specific combining ability effects determined 
from the mean yields of fertile single-crosses over the two 
years are shown in Table 14. Redlan was outstanding among the 
female parents, and Caprock among the male parents, in general 
combining ability. In contrast, low g.c.a. was indicated for 
the Martin (female) and Plainsman (male) parents. Specific 
combining ability effects were decidedly the greatest for the 
Martin x Caprock, Kafir 60 x Tx 7078, and Redlan x Redbine 60 
hybrids. 
Significant differences (P = .05) among fertile single-
crosses were indicated in the combined analyses for grain yield. 
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Table 14, General and specific combining ability effects for 
grain yield in fertile single-crosses, from combined 







females Tx 7078 Redbine 60 Plainsman Caprock 
Specific effects 
Kafir 60 103 -103 
- 3 3 29 
Martin 
- 29 - 67 - 38 131 -174 
Wheatland 16 70 - 12 - 77 - 12 
Redlan 
- 93 99 52 - 60 159 
General effects 
of males 15 4 -171 154 
seeds/head, and 100-seed weight (Table 10), The means pre­
sented in Table 8 show that hybrids involving either Redlan 
or Kafir 60 female parent usually were higher yielding than 
those involving either Wheatland or Martin. Hybrids involving 
the Caprock male parent consistently gave yields equivalent 
to the highest yielding fertile single-cross (Redlan x Redbine 
60). ]ji addition, of the three hybrids with highest numbers 
of seeds/head, Redlan and Caprock each were involved twice as 
a parent. 
Significant differences among three-way crosses were ob­
served only for grain yield and 100-seed weight. The highest 
yielding three-way hybrid was (A Kafir 60 x B Redlan) x Tx 7078, 
57 
which had a mean yield of 3950 g/plot (Table 9)* The lowest 
yielding three-way hybrid was (A Martin x B Wheatland) x 
Plainsman, which had a mean of 310? g/plot. The mean yield 
of three-way crosses as a group was 3^95 g/plot. 
The significant variation among three-way crosses for 
grain yield and 100-seed weight (Table 11) resulted largely 
from differences attributable to the male parents (R-lines). 
Table 15 shows the general and specific combining ability 
effects for grain yield in the three-way hybrids. In keeping 
with the data for fertile single-crosses (Table 14) Caprock 
exhibited the greatest g.c.a. among male parents and Plainsman 
showed the least. Among the female parents, A Kafir 60 x 
B Redlan was highest in g.c.a. and A Martin x B Wheatland was 
lowest. Partitioning the among sterile single-cross source of 
variation for grain yield of the three-way crosses (Table 11) 
showed that the differences in g.c.a. of female single-cross 
parents resulted largely from differences in the g.c.a. of 
the parents of the sterile single-crosses. 
Table 16 shows the g.c.a. effects of the parents of 
sterile single-crosses as measured from the performance of 
the three-way hybrids. The effects are shown individually for 
each R-line as well as for all R-lines. The data indicate that 
the relationships between combining ability effects for grain 
yield of the four parental line components of the sterile 
single-crosses, as measured in three-way crosses, were similar 
to those observed for the same lines when they were used in 
Table 15. General and specific combining ability effects for grain yield in 
three-way crosses from combined I969 and 1970 experiments 
Female parent 
Male parent 





Kafir 60 X Martin - 50 - 46 - 28 121 - 39 
Martin x Kafir 60 -102 183 - 61 - 21 - 40 
Kafir 60 X Wheatland 133 48 - 66 -116 31 
Wheatland x Kafir 60 -160 - 36 20 174 - 51 
Kafir 60 X Redlan 18^ - 6 - 58 -120 203 
Redlan x Kafir 60 
- 39 - 90 121 7 153 
Martin x Wheatland -141 152 - 68 55 -134 
Wheatland x Martin 
- 39 31 11 - 6 - 77 
Martin x Redlan 122 -140 108 - 91 - 22 
Redlan x Martin 60 - 56 26 - 32 56 
Wheatland x Redlan 28 - 27 - 82 77 - 23 
Redlan x Wheatland - 4 — l4 73 - 55 — 54 
General effects of males 68 - 20 -186 140 
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Table 16. General combining ability effects of parents of 
sterile single-crosses, measured in three-way 
crosses, for grain yield, and its components, in 




Parents of sterile single-crosses 






















All R-lines 64 - 65 - 78 78 
100-seed weight 
Tx 7078 -0,04 0.05 0.07 -0.08 
Redbine 60 0,07 —0.06 0,04 -0,05 
Plainsman 0,01 -0,07 0,00 0,06 
Caprock 0,03 -0,09 —0.02 0,08 
All R-lines 0,02 -0.04 0,02 0.00 
Seeds/head 
Tx 7078 30 
RedlDine 60 - 48 
Plainsman 20 
Caprock - 32 
All R-lines - 8 
- 39 -111 120 
-112 - 2 162 
144 - 52 -112 
13 - 159 179 
2 - 81 88 
Heads/plant 
Tx 7078 0.08 
Redbine 60 0.03 
Plainsman 0,04 
Caprock -O.O6 
All R-lines 0.02 
—0.00 —0.03 —0.05 
0.17 0.02 -0,20 
-0.08 -0,05 0,09 
0,07 0.19 0.19 
0,04 0.03 -0,09 
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fertile single-crosses (Table 14). Redlan again was highest 
and Wheatland and Martin were low in general combining ability. 
Reciprocal effects among the sterile single-cross parents of 
three-way crosses seemed to contribute little to the overall 
variation among these hybrids (Table 11). 
The significant interaction between fertile single-crosses 
and years (Table 10) and the lack of significant interaction 
between three-way crosses and years for grain yield (Table 11) 
suggests that stability of performance may be greater in three-
way crosses. These results, however, were obtained from only 
two environments (years), and conclusions about relative 
stability of the different hybrid-types are, therefore, not 
firmly supported. The possibility that individual single-
crosses may show greater stability than the most stable three-
way hybrid is not precluded by these results. 
The fertile single-crosses and three-way hybrids, as 
groups, did not differ significantly for any of the primary 
components of grain yield (Table 6). Differences in g.c.a. 
effects of the parents, however, did contribute significantly 
to the variation within both types of hybrids for 100-seed 
weight and seeds/head (Tables 10 and 11). General combining 
ability effects of the parents in fertile single-crosses and 
in three-way crosses, are shown for the three yield components 
in Table 17. A close relationship between the general combin­
ing abilities of parental lines measured in fertile single-
crosses and in three-way crosses is indicated by the data. For 
Table 17» General combining ability effects for yield components of parental 
lines in fertile single-crosses and in three-way crosses from combined 
1969 and 1970 experiments 
Character and type of cross 
lOO-seed weight Seeds/head Heads/plant 
Parental Fertile Three- Fertile Three- Fertile Three-
lines singles ways singles ways singles ways 







































































those characters where the analyses had shown that the female 
parents In fertile single-crosses did not exhibit slgnlflcstnt 
differences In g.c.a. (I.e., 100-seed weight and heads/plant) 
the analyses for the three-way cross data gave a similar re­
sult. This pattern also was evident among the male parent 
effects. When general combining abilities in single-crosses 
did not differ significantly, the same was true in three-way 
crosses. In the two instances where significant differences 
in g.c.a. were expressed, namely, between female parents for 
seeds/head and between male parents for 100-seed weight, the 
rankings of parents for g.c.a# were nearly the same in the 
single and three-way crosses. Redbine 60 exhibited the high­
est g.c.a. and Plainsman was the poorest combiner among the 
male parents for 100-seed weight in both groups of hybrids. 
Among the female parents, Redlan had the highest general effect 
for seeds/head in both types of hybrids, and Wheatland had the 
lowest. 
Although the mean square for specific combining ability 
of individual combinations of R-llnes and sterile single-
crosses was not significant for grain yield or any of its 
components in the combined analyses of three-way cross data 
(Table 11) a factor contributing to s.c.a. was significant for 
each of the yield components. This factor was the variation 
due to interactions between the R-llnes and general combining 
abilities of the parents of sterile single-crosses and it was 
significant (P = .05) for 100-seed weight, seeds/head and 
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heads/plant. The g.o.a, effects of the parents of sterile 
single-crosses In combination with each of the R-llnes (Table 
16) may serve to Illustrate this Interaction. The general 
combining abilities of Kafir 60, Martin, Wheatland and Redlan 
show distinct interactions with the R-llnes in this set of 
data. One of the most pronounced interactions was for 100-seed 
weight, where the ranking of general effects of the four female 
parents in crosses with Tx 7078 was nearly the reverse of that 
observed in crosses with Caprock. Similarly, the rankings for 
general effects for seeds/head differed appreciably when cal­
culated with the Plainsman R-line as opposed to either Tx 7078 
or Caprock, and for heads/plant when determined from crosses 
with Plainsman in contrast to Caprock. 
The combined analyses of yield component data for the 
three-way crosses (Table 11) indicated that reciprocal effects 
within the sterile single-cross parents were not significant. 
However, in the individual year analyses (Appendix Tables 66 
and 67) reciprocal effects were significant for seeds/head 
and heads/plant in 1970, but not in 1969# This differential 
performance did not lie within the limits of experimental 
error as shown by the significant interaction between recipro­
cal effects and years (Table 11). The interaction with years 
was particularly noticeable for heads/plant (Table 18). In 
four of the six pairs of reciprocal crosses there was a change 
in the direction of the effect, and in two pairs there was a 
change in the magnitude of the effects between years. For 
Table 18. Reciprocal effects for yield components in sterile single-cross parents 
of three-way crosses, I969 and 1970 








A Kafir x B Martin 
A Martin x B Kafir 
A Kafir x B Wheatland 
A Wheatland x B Kafir 
A Kafir x B, Redlan 
A Redlan x B Kafir 
A Martin x B Wheatland 
A Wheatland x B Martin 
A Martin x B Redlan 
A Redlan x B Martin 
A Wheatland x B Redlan 
A Redlan x B Wheatland 
0.08 




































seeds/head a change in direction was observed for reciprocal 
effects In three pairs of reciprocal crosses and a change In 
magnitude was Indicated for the other three. The reciprocal 
effects for 100-seed weight (Table 18) seemed to bear out the 
lack of significant Interaction for reciprocals x years that 
was shown In the combined analysis (Table 11). 
A-llnes vs. sterile single-crosses 
The performance of sterile single-crosses was compared 
with that of the A-llnes, since the use of sterile single-
crosses as seed parents In the production of three-way hybrids 
Is analogous to the use of A-llnes In the production of 
single-crosses. Means of the A-llnes and sterile single-
crosses for grain yield and Its components In the I969 and 
1970 experiments, together with the two-year means are pre­
sented In Table 19# Mean squares for slngle-degree-of-
freedom comparisons of A-llnes and sterile single-crosses for 
the Individual and combined year data and for the Interaction 
of A-llnes vs sterile singles with years are presented In 
Table 20. In I969 the sterile single-crosses outylelded the 
A-llnes, produced more seeds/head and heads/plant, and the 
two types were nearly alike for 100-seed weight. However, 
none of the differences showed statistical significance. In 
1970 means of the sterile single-crosses were significantly 
higher (P = .01) for grain yield and seeds/head, but 100-seed 
weight was significantly greater In the A-llnes. In contrast 
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Table 19# Means of A-llnes and sterile single-crosses for 
grain yield and Its components from I969 and 1970 





































Level of significance ** ** ** ns 











Level of significance ** ns ns ns 
to 1969# the sterile single-crosses had fewer heads/plant in 
1970 than did the A-lines, but the difference was not signifi­
cant, The two-year means indicated that sterile single-
crosses were superior for grain yield. The A-lines had fewer 
and larger seeds than did the sterile single-crosses, but the 
differences were not significant. The mean number of heads/ 
plant over the two years was almost identical for both groups. 
Table 20. Mean squares and levels of significance for slngle-degree-of-freedom 
comparisons of A-lines and sterile single-crosses for grain yield and 




















1969 and 1970 
A-lines vs sterile 
singles 
(A-lines vs sterile 
singles) X years 































Table 20 also shows that the relationship "between A-line 
and sterile single-cross means did not remain the same over 
years for grain yield, seeds/head and heads/plant. For 
heads/plant a reversal of superiority was exhibited with the 
sterile singles superior in I969 and the A-lines higher in 
1970 (Table 19). The interaction for seeds/hèad resulted from 
a markedly greater divergence of the means in 1970. The mean 
number of seeds/head remained virtually unchanged over years 
in the A-lines but the mean for sterile single-crosses in­
creased about.30# in 1970. Similarly, the Increase in grain 
yield of the sterile single-crosses from I969 to 1970 was about 
double that shown by the A-lines. 
In 1969 Wheatland and Redlan were the highest yielding 
A-lines, but their position relative to the other A-lines was 
reversed in 1970 (Table 21). The shift in performance was 
especially pronounced for Wheatland, which seemed enough in 
itself to account for the significant A-line x years inter­
action. 
A striking feature of the data was the differential per­
formance of A and B-lines. For all characters in each year, 
except 100-seed weight in I969, the differences among A-lines 
were significant (Appendix Tables 66 and 67). Their B-line 
counterparts, however, did not differ significantly for any 
character in either year, with one exception (seeds/head in 
1970). 
Two-year means for grain yield and its components in the 
Table 21. Means for grain yield and Its primary components of A, B and H lines, 
1969 and 1970 






weight (k) Seeds/head Heads/plant 
1969 1970 1969 1970 1969 1970 1969 1970 
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sterile single-crosses are presented In Table 22. The com­
bined analyses (Table 5) Indicated that these hybrids did not 
differ significantly for any of these characters, except 
seeds/head. The variation among sterile single-crosses was 
partitioned further Into reciprocal, g.c.a,, and s.c.a. sources 
of variation. The mean squares for these sources of variation 
and their Interaction with years are shown In Table 23» 
Neither reciprocal nor general or specific combining ability 
effects caused significant variation among the sterile single-
crosses. Likewise, the Interactions of these effects with 
years were not significant for grain yield or any of Its 
components. 
Sterile vs fertile hybrids 
In 1969 the mean of all fertile hybrids (fertile single-
crosses plus three-way crosses) differed significantly (P = .01) 
from that of the sterile single-crosses for grain yield, 100-
seed weight and seeds/head, but not for heads/plant (Appendix 
Table 66). Significant differences (P = .01) between the 
fertile and sterile hybrids were observed In 1970 for grain 
yield and each of Its components. Including heads/plant 
(Appendix Table 67). When the I969 and 1970 data were combined, 
significant differences (P = .01) were Indicated only for 
grain yield and heads/plant (Table 6). Thus, the relationship 
between sterile and fertile hybrids was stable over years for 
grain yield and heads/plant but not for seeds/head or 100-seed 
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Table 22. Two-year means for grain yield and its primary 









weight (6)  Seeds/ head 
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A Kafir x B Martin 









A Kafir x B Wheatland 









A Kafir x B Redlan 









A Martin x B Wheatland 
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The means for fertile and sterile hybrids for grain yield 
and its components are presented in Table 24, Sterile single-
crosses consistently had lower yields, fewer seeds/head, and 
heads/plant them the fertile hybrids. The higher seed weight 
of sterile single-crosses was not surprising in view of their 
relatively low seed-set per plant. The significant inter­
action of sterile vs fertile hybrids with years for 100-seed 
weight and seeds/head (Table 6) seemed to result from a 
Table 23» Analyses of variance for grain yield and yield components of sterile 















Among sterile singles 11 119062 0.071 128808** 0.054 
Reciprocals 6 8I651 0.038 100864 0.068 
g.c.a. 3 175428 0.138 203760 0.022 
s.c.a. 2 146746 0.070 100212 0.060 
Sterile singles x years 11 49121 0.044 26916 0.087 
Reciprocals x years 6 22345 0.042 I8856 0.038 
g.c.a, X years 3 40760 0.038 47686 0.135 
s.c.a. X years 2 141991 0.059 19941 0.162 
Entries x years 87 72932 0.079 103516 0.105 
Pooled error 174 47766 0.049 69203 0.076 
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Table 24. Means of sterile single-crosses and fertile single-
crosses plus three-way crosses for grain yield and 
Its components from Individual and combined experi­





yield weight Seeds/ Heads/ 
(g/plot) (g) head plant 
1969 
Sterile singles 
Fertile singles plus 
three-ways 















Fertile singles plus 
three-ways 













1969 and 1970 
Sterile singles 
Fertile singles plus 
three-ways 














convergence of means for the two groups in 1970, The differ­
ence between sterile and fertile hybrids for seed weight was 
only 12^ in 1970 as compared with a difference of 34^ in 1969» 
Similarly, the differences in seeds/head of sterile and fertile 
hybrids were 36^ and 11^ in 1969 and 1970» respectively. 
Hybrids vs. parents 
The performance of hybrids and parents was compared to 
determine whether significant heterosis was expressed for the 
characters under study. The individual year data (Table 25, 
Appendix Tables 66 and 67) showed that significant heterosis 
was expressed for grain yield and seeds/head in both years, 
and for heads/plant in I969* Heterosis was not manifested 
for 100-seed weight, with significantly higher seed weights 
shown by the parents in both years0 The mean for all hybrids 
in 1969 exceeded that of the parents by 14»4# for grain yield, 
1103^ for seeds/head, and 9*8# for heads/plant. In 1970 the 
percentage heterosis was 19*7 for yield and 22,0 for seeds/ 
head, but the number of heads/plant was alike for the parents 
and hybrids. 
The two-year means showed that the hybrids exceeded their 
parents in grain yield by I7.I#, in seeds/head by I6.6#, and 
in heads/plant by 4.7$. 100-seed weights were 6.0# higher 
for the parents in each year and for the two-year average. 
The combined analyses (Table 6) Indicated that only the 
differences for grain yield and 100-seed weight were 
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Table 25. Group means for grain yield and its components in 
parents and hybrids, measured in individual and 













Parents 2950 2.65 2012 1.94 
Hybrids 3375 2.49 2239 2.13 
Level of significance ** * ** » 
1970 
Parents 2999 2.85 1993 1.60 
Hybrids 3589 2.68 2432 1.60 
Level of significance ** ** ** ns 
1969 and 1970 
Parents 2975 2.75 2002 1.78 
Hybrids 3485 2.59 2335 1.86 
Level of significance * * ns ns 
significant (P = .05)« However, the test of parents vs hybrids 
for seeds/head was made with only one degree of freedom in 
both the numerator and denominator, and an P value of I6l was 
needed for significance at the S% probability level. Thus, 
what seemed a marked difference between hybrids and parents in 
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seeds/head was classed as not significant. 
The combined analyses also Indicated that there was a 
significant hybrids vs parents x years interaction for grain 
yield, seeds/head and heads/plant. For both grain yield and 
seeds/head the interaction resulted from the parents as a 
group demonstrating remarkable stability for these traits 
over the two years, while the hybrids collectively showed 
appreciably higher means for both traits in 1970 (Table 25)» 
The interaction for heads/plant seemed to result from the 
hybrids showing significant superiority over their parents 
in 1969, whereas means for the two groups were identical in 
1970. 
Comparisons among parents 
Differences among the R-lines in I969 were significant 
only for seeds/head (Appendix Table 66), with Plainsman and 
Caprock superior to both Tx 7078 and Redbine 60 for this 
trait (Table 21), In I97O the R-lines differed significantly 
for yield and all of its primary components (Appendix Table 
67), with Redbine 60 and Caprock being the highest in grain 
yield. Plainsman was the lowest yielding R-line in 1970, and 
it was also the lowest in 100-seed weight and heads/plant. 
The A vs B-line comparison for grain yield was signifi­
cant in 1970 but not in I969 (Appendix Tables 67 and 66). This 
was true also for the (A + B) vs R-lines comparisons. In both 
years, significant differences were indicated for each of 
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these comparisons for 100-seed weight and seeds/head, but not 
for heads/plant0 Usually, the B-llnes had higher yields than 
the A-llnes since the larger number of seeds/head of the B-
llnes more than compensated for their smaller seed size 
(Table 26). The A vs B-llne comparison provides a test of 
cytoplasmic effects, since each A-llne and Its corresponding 
B-llne have Identical genotypes but different cytoplasms. 
However, the cytoplasmic effects were confounded to some de­
gree with outcrossing ability of the sterile lines. Thus, 
seed set and, therefore, the performance of male-sterlle types 
(A-llnes) was, to a large extent, dependent on the amount, 
dispersion and viability of pollen available during the period 
of stigma receptivity. 
The mean number of seeds/head of the H-llnes In I969 
was significantly greater than that of the combined A and B 
lines, but their yields did not differ. Apparently, the 
advantage of the R-llnes In number of seeds/head was just 
enough to offset the advantage of the A and B lines In 100-
seed weight, since there was no difference between the groups 
In heads/plant. The high seed setting ability of the R-llnes 
may reflect an Indirect selection for large numbers of fertile 
florets that accompanied the selection for good pollen pro­
duction during the development of these lines. 
The performance of A-llnes relative to B-llnes did not 
change significantly from year to year (Table 27). The com­
parison of (A + B) vs R-llnes, however, showed significant 
Table 26. Group means for grain yield and its components for A, B and R-lines, 
1969 and 1970 
Character and year 
Grain yield 100-seed 
fg/plot) weight (g) Seeds/head Heads/plant 
Group 1969 1970 1969 1970 1969 1970 1969 1970 
A-lines 2876 2780 3.21 3.34 1540 1570 1.84 1.64 
B-lines 3004 3015 2.55 2.64 2106 2207 2.01 1.53 
Level of 
significance ns * ** ** ** ** ns ns 
A + B-lines 2940 2898 2.88 2.99 1823 1889 1.93 1.59 
R-lines 2971 3202 2.19 2.57 2364 2201 1.94 1.63 
Level of 
significance ns ** ** ** ** ** ns ns 
Table 2?» Mean squares for A-lines vs B-lines, and A + B-lines vs R-llnes com­














A vs B-lines 1 263719 3.699* 2896228* 0,0003 
A vs B-lines x years 1 22844 0.002 10260 O.I653 
A + B-lines vs R-lines 1 300048* 3.308 1949115 0.0009 
(A + B-lines vs R-llnes) 
X years 1 200294* 0.182** 142219 0.0026 
Entries x years 87 72932 0.079 103516 0.105 
Pooled error 174 47766 0.049 69203 0.076 
80 
Interaction with years for both grain yield and 100-seed weight. 
These interactions seem explicable in that means of the (A + B) 
lines remained relatively stable over years for both traits, 
but the R-lines showed distinctly higher means in 1970 than 
they did in I969 (Table 26). 
Correlations between grain yield and its components 
Simple phenotypic correlations for grain yield with each 
of its components are presented in Table 28. Since yield 
components were measured in the spaced test, these correlations 
were calculated using yield per plot (10 plants) from the 
spaced test instead of yield data from the yield test. 
The coefficients for grain yield with each of the yield 
components in the parents were not significantly different 
from zero. The only coefficient that approached the magnitude 
necessary for statistical significance (P = O.O5) in the 
parents was in 1970 for the relationship between grain yield 
and seeds/head. 
Among the hybrids, highly significant correlations were 
observed, especially in correlations of yield with heads/plant 
and seeds/head. From the data presented in Table 28 it would 
appear that heads/plant was the most important yield-determine 
ing component studied and that 100-seed weight was the least 
Important. However, there did appear to be differences in 
the relative importance of the various yield components in 
different hybrid types. 
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Table 28. Phenotypic correlation coefficients between grain 













Parents 1969 10 0.027 -0.034 0.019 
1970 10 0.181 -0.352 0.522 
1969 and 1970 10 0.296 0.317 0.182 
Sterile 1969 10 0.578+ -0.136 O.735++ 
singles 
1970 10 O.8O3++ -0.462 0.381 
1969 and 1970 10 0.593+ -0.355 O.737++ 
Fertile 1969 14 0.348 0.395 0.172 
singles 
14 1970 0.506+ 0.213 0.500+ 
1969 and 1970 14 0.216 0.302 0.563+ 
Three-way 1969 46 0.567++ 0.135 -0.047 
hybrids 
1970 46 0.645++ 0.267 -0.198 
1969 and 1970 46 0.552++ 0.452++ -0.179 
*Yield in this table refers to grain yield per plot (10 
plants) in the spaced test. 
+, ++ Signify significant differences from zero at the 
five and one percent probability levels, respectively. 
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In three-way crosses the relationship between grain yield 
and heads/plant was positive and highly significant (P * 
.01) in each of the individual years and when both years were 
combined. Grain yield in three-way hybrids was Independent 
of seeds/head. The situation in fertile single-crosses con­
trasted sharply with this. In 1970, and when both years were 
combined, a significant positive correlation (P = .05) was 
found for grain yield and seeds/head in fertile single-crosses. 
Grain yield in the fertile single-crosses was Independent of 
heads/plant in I969 and when both years were combined. An 
additional point of contrast between the hybrid types was that 
when data were combined over years grain yield was signifi­
cantly (P = .01), and positively, correlated with 100-seed 
weight in three-way crosses, whereas yield was largely inde­
pendent of this component in fertile single-crosses. 
Grain yield in sterile single-crosses was significantly 
correlated with both heads/plant and seeds/head when the 
data from both years were combined. In the individual years, 
both of these components were significantly correlated with 
yield in I969, but only heads/plant was significantly corre­
lated in 1970. In neither of the individual years, nor when 
both years were combined, did 100-seed weight prove to be 
significantly associated with grain yield. 
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Predictions of Grain Yields of Three-Way Crosses 
The close similarity in general combining abilities for 
grain yield of the parental lines when measured in single-
crosses and in three-way crosses, and the relative unimpor­
tance of specific combining ability effects suggested that 
accurate predictions of the yields of three-way crosses could 
be made from single-cross data. Furthermore, predictions 
based on parental performance per se would seem useful since 
specific combining ability effects for grain yield were shown 
to be minimal. To evaluate the effectiveness of predictions 
for yield of three-way crosses based on either single-cross 
or parental line yields, correlation coefficients describing 
the relationship between observed and predicted yields were 
calculated. These correlations and the observed and pre­
dicted yields of three-way hybrids are presented in Table 29. 
Highly significant (P = .01) correlations between the ob­
served and predicted yields were obtained with both methods 
of prediction. A considerably closer relationship was shown, 
however, when single-cross data were used in accordance with 
Jenkins* Method B (r = 0.70) than when the predictions were 
based on parental performance per se (r = 0.49). 
The effectiveness of the predictions based on Jenkins* 
Method B is Illustrated in Table 30. If the ten highest 
yielding three-way hybrids (approximately 20^ of the total) 
were selected on this basis, eight of the actual ten top 
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Table 29* Observed and predicted grain yields of three-way 




yield Jenkins• performance 
Three-way hybrid (g/plot) Method B method 
(A K X B M) X Tx 7078 3474 3522 2901 
(A M X B K) X Tx 7078 3421 3522 2901 
(A K X B M) X Redblne 60 3390 3389 3021 
(A M X B K) X Redblne 60 3618 3389 3021 
(A K X B M) X Plainsman 3242 3278 2849 
(A M X B K) X Plainsman 3208 3278 2849 
(A K X B M) X Caprock 3717 3691 3110 
(A M X B K) X Caprock 3574 3691 3110 
(A K X B w) X Tx 7078 3727 3625 2829 
(A W X B K) X Tx 7078 3352 3625 2829 
(A K X B w) X Redblne 60 3554 3538 2949 
(A W X B K) X Redblne 60 3388 3538 2949 
(A K X B W) X Plainsman 3274 3372 2777 
(A W X B K) X Plainsman 3278 3372 2777 
(A K X B w) X Caprock 3550 3668 3038 
(A W X B K) X Caprock 3758 3668 3038 
(A K X B R) X Tx 7078 3950 3656 2872 
(A R X B K) X Tx 7078 3677 3656 2872 
(A K X B R) X Redblne 60 3672 3638 2992 
(A R X B K) X Redblne 60 3538 3638 2992 
(A K X B R) X Plainsman 3454 3490 2821 
(A R X B K) X Plainsman 3583 3490 2821 
(A K X B R) X Caprock 3718 3762 3081 
(A R X B K) X Caprock 3795 3762 3081 
A K = A Kafir 60 A H = A Redlan B W = B Wheatland 
A M = A Martin B K => B Kafir 60 B H = B Redlan 
A W = A Wheatland B M = B Martin 
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Table 29. (Continued) 
Observed 
yield 





Method B method 
(A M X B w) X Tx 7078 3288 3458 2904 
(A W X B M) X Tx 7078 3447 3458 2904 
(A M X B w) X Redbine 60 3493 3455 3024 
(A W X B M) X Redbine 6Ô 3429 3455 3024 
(A M X B w) X Plainsman 3107 3253 2853 
(A W X B M) X Plainsman 3243 3253 2853 
(A M X B w) X Caprock 3556 3630 3113 
(A W X B M) X Caprock 3552 3630 3113 
(A M X B R) X Tx 7078 3663 3489 2948 
(A a X B M) X Tx 7078 3679 3489 2948 
(A M X B R) X Redbine 60 3313 3555 3068 
(A R X B M) X Redbine 60 3475 3555 3068 
(A M X B R) X Plainsman 3395 3371 2896 
(A R X B M) X Plainsman 3391 3371 2896 
(A M X B R) X Caprock 3522 3724 3157 
(A R X B M) X Caprock 3659 3724 3157 
(A W X B R) X Tx 7078 3568 3592 2876 
(A R X B w) X Tx 7078 3505 3592 2876 
(A W X B R) X Redbine 60 3425 3704 2996 
(A R X B w) X Redbine 60 3407 3704 2996 
(A W X B R) X Plainsman 3204 3465 2824 
(A R X B W) X Plainsman 3328 3465 2824 
(A W X B R) X Caprock 3689 3701 3085 
(A R X B w) X Caprock 3526 3701 3085 
Correlation with observed yield — O.703++ 0.449++ 
++Significantly greater than zero at the one percent level 
of probability. 
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Table 30. Observed and predicted ranking of ten highest 
yielding three-way hybrids from combined 19^9 








(Jenkins* Method B) 
1 (A K X B R) X Tx 7078 (A K X B R) X Caprock 
2 (A K X B R) X Caprock (A M X B R) X Caprock 
3 (A K X B w) X Caprock (A W X B R) X Redbine 60 
4 (A K X B w) X Tx 7078 (A W X B R) X Caprock 
5 (A K X B M) X Caprock (A K X B M) X Caprock 
6 (A W X B R) X Caprock ( A K X B W) X Caprock 
7 (A M X B R) X Tx 7078 (A K X B R) X Tx 7078 
8 (A K X B R) X Redbine 60 (A K X B R) X Redbine 60 
9 • (A M X B R) X Caprock (A M X B W) X Caprock 
10 (A M X B K) X Redbine 60 (A K X B W) X Tx 7078 
A K « A Kafir 60 B K 
A M = A Martin B M 
A W = A Wheatland B W 
A R = A Redlan B R 




hybrids would have been selected. It should be remembered, 
however, that this method of prediction does not take into 
account the possibility of reciprocal differences within the 
single-cross parents of three-way hybrids. If reciprocal 
effects were important the merit of the predictions could be 
affected adversely. Therefore, in order to determine the best 
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order for constituting the sterile single-cross parents of 
three-way crosses, 20 rather than 10 three-way hybrids would 
In fact have to be tested. 
Plant Height and Days to Mldbloom 
Highly significant differences (P = .01) between entry 
means for plant height and days to mldbloom were Indicated In 
the combined analyses for the spaced test (Table 31), Although 
there was a wide range among Individual entry means for days 
to mldbloom, the difference between the earliest and latest 
entries was considerably less than the difference between years. 
The means over all entries In each year showed that the aver­
age number of days to mldbloom was 11,4 days less In 1970 
than In 1969 (72.3 vs 83,7 days). The latest entry, A Redlan, 
had a mean mldbloom value for the two years of 82,5 days com­
pared to 75"3 days for the earliest entries, which were A 
Kafir 60 X Tx 7078, a fertile single-cross, and (A Martin x 
B Kafir 60) x Plainsman, a three-way cross. 
The difference between years also was significant for 
plant height with the mean for all entries being I7 cm less 
In 1970 than In I969 (103 vs 120 cm). Plainsman was the 
shortest entry with a 2-year mean of 85 cm and the tallest was 
(A Redlan x B Kafir 60) x Redblne 60, a three-way cross, with 
a mean of 127 cm. 
Homogeneity of the Interactions of each component of 
the entries sums of squares with years was evaluated by 
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Table 31. Analyses of variance for days to midbloom and plant 












Years 1 9069.78** 25515.52** 
Replicates/years 2 4.27 36,68 
Entries 87 11,86** 345.55** 
Entries x years 87 3.95** 43.29** 
Pooled error 174 2.40 15.07 
Bartlett's test. For both characters, the tests indicated 
that the interactions were homogeneous. Tests of significance 
for each of the entry components, therefore, were made against 
the entries x years mean square in the combined analyses. 
Single-crosses vs three-way crosses 
The two-year means for fertile single-crosses and three-
way hybrids as groups were virtually identical within each 
character (Table 32). The difference between the hybrid groups 
was only 0.2 for days to midbloom and O.9 cm for plant height. 
Tests of the mean squares for the comparisons of fertile 
single-crosses vs three-way hybrids (Table 33) indicated that 
for both characters the two groups of hybrids were equivalent. 
For plant height, however, the relationship between fertile 
single-crosses and three-way hybrids was not stable over 
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Table 32. Group means and range of Individual hybrid means 
for days to mldbloom and plant height In fertile 
single-crosses and three-way hybrids from Indi­

















79.3 - 85.0 
82.0 
79.0 - 86.8 
121.2 
98.9 - 139.1 
120.4 











70.1 - 73.9 
72.0 
69.4 - 74.6 
104.9 
87.5 - 116.1 
102.7 
85.1 - 115.7 










74.9 - 79.4 
77.0 
74.5 - 80.5 
112.5 
93.2 - 126.7 
111.6 
93.5 - 126.8 
years, as indicated by the significant interaction of this 
component with years. In I969 these hybrid groups were 
equivalent statistically (Appendix Table 68) with a mean 
difference between them of only 0.8 cm (Table 32), but in 1970 
(Appendix Table 69) a highly significant (P = .01) difference 
In height of the two groups was indicated by the analysis. 
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Table 33, Mean squares for hybrids vs parents and between 
hybrid-group comparisons for days to mldbloom and 











Hybrids vs parents 1 177.77** 1957.25** 
Hybrids vs parents x years 1 0.13 200.44** 
Fertile singles vs three-ways 1 1.00 38.97 
Fertile singles vs three-ways 
X years 1 0.14 79.44* 
Sterile singles vs (fertile 
singles + three-ways) 1 228.48** 25.62 
Sterile singles vs (fertile 
singles + three-ways) x years 1 9.29 0.15 
Entries x years 87 3.95** 43.29** 
Pooled error 174 2.40 15.07 
The mean difference In 1970, however, was only 2.2 cm (Table 
32) which seems of minimal significance practically. In addi­
tion to the means for all fertile single-crosses and three-
way crosses being similar, the range among means for the 
Individual hybrids within each group also was similar (Table 
32). 
The major sources of variation for days to mldbloom in 
the three-way crosses were those attributed to the variation 
among R-lines and among g.c.a. effects of parents of the 
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sterile single-crosses within three-way crosses (Table 34), 
In the fertile single-crosses, the only significant source of 
variation for midbloom was that for g.c.a, of the female 
parents (Table 35), 
The g.c.a. effects of parental lines are presented re­
spectively for days to midbloom and plant height in fertile 
single-crosses and three-way hybrids in Tables 36 and 37» The 
relative g. c.a, effects among parental lines for days to mid­
bloom were similar when measured in either single-crosses or 
three-way hybrids, although a few shifts in ranking occurred. 
Usually, hybrids involving the Kafir 60 female or Plainsman 
male parent bloomed earlier than did the other hybrids (Tables 
38 and 39)• The latest hybrids were those with either Redlan 
or Redbine 60 in their parentage. Likewise, for plant height 
the g.c.a. effects of parental lines had similar rankings in 
both types of hybrids (Table 37). Hybrids having Wheatland 
as a female parent or Plainsman as a male parent generally 
were the shortest, and those involving Kafir 60, Bedlan or 
Redbine 60 were tallest. With the exception of hybrids with 
Kafir 60 parentage there was some indication of a positive 
relationship between plant height and days to midbloom. 
Differences attributable to s.c.a. effects of the hybrids 
were not significant for either character in fertile single-
crosses or three-way hybrids (Tables 34 and 35). Neither were 
the differences due to reciprocal effects in the sterile 
single-cross parents of three-way crosses significant in any 
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Table 34, Analyses of variance for days to mldbloom and plant 
height of three-way crosses from combined I969 and 
1970 experiments 
Source of variation 





S • C ê El# 
sterile singles x R-lines 
Reciprocals x R-lines 
g.c.a, X R-lines 
8,0,a, X R-lines 
Three-way crosses x years 
R-lines X years 
Sterile singles x years 
Reciprocals x years 
g.c.a. X years 
s.c.a X years 
(Sterile singles x R-lines) 
X years 
(Reciprocals x R-llnes) 
X years 
(g.c.a, X R-lines) x years 
(s.c.a, X R-llnes) x years 










47 5.43 295,47** 
























47 3.57* 37.19** 














18 2,60 17.03 
9 3.66 20.62 




Table 35, Analyses of variance for days to mldbloom and plant 
height of fertile single-crosses from combined 
1969 and 1970 experiments 










Among fertile single-crosses 15 6.83* 461.33** 
g.c.a. (females) 3 22.86** 582.35** 
g.c.a. (males) 3 0.95 1506.94** 
8#C#8* 9 3.45 71.38 
Fertile single-crosses x years 15 3.41 43.89** 
g.c.a. (females) x years 3 5.66 61.79** 
g.c.a. (males) x years 3 2.07 63.12** 
s.c.a. X years 9 3.11 31.44* 
Entires x years 87 3.95** 43.29** 
Pooled error 174 2.40 15.07 
Instance (Table 34), although the difference in plant height 
of nearly 10 cm between (A Martin x B Redlan) and its recipro­
cal in crosses with Redbine 60 (Table 39) seemed substantial. 
A reciprocal difference of similar magnitude was noted in 
crosses involving Wheatland, Redlan and Redbine 60, 
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Table 36, General combining ability effects for days to mid-
bloom of parental lines In fertile single-crosses 
and three-way crosses from combined 1969 and 1970 
experiments 
General combining ability effects 
Fertile Three-way 
Parental line single-crosses crosses 
Female 
Kafir 60 -1.60 -1,18 
Mart in -0,11 -0,28 
Wheatland 0,51 -0,03 
Redlan 1,21 1,48 
Male 
Tx 7078 0,12 -0,56 
Redbine 60 0,29 0,84 
Plainsman -0,17 -0,67 
Caprock -0,23 0,42 
Table 37, General combining ability effects for plant height 
of parental lines in fertile single-crosses and 
three-way crosses from combined I969 and 1970 
experiments 
General combining ability effects 
Fertile Three-way 
Parental line single-crosses crosses 
Female 
Kafir 60 2,32 3.29 
Martin -0,39 2,69 
Wheatland -8,11 -8,74 
Redlan 6,15 2,76 
Male 
Tx 7078 1,56 0,33 
Redbine 60 8,42 6,57 
Plainsman -13,92 -12,13 
Caprock 3.94 5.26 
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Table 38. Means of fertile single-crosses for days to mid-







Kafir 60 x Tx 7078 74.9 121.6 
X Redbine 60 76.1 124.4 
X Plainsman 75.3 96.9 
X Caprock 75.9 116.2 
Martin x Tx 7078 77.9 107.0 
X Redbine 60 76.4 122.1 
X Plainsman 76.8 101.9 
X Caprock 77.1 117.4 
Wheatland x Tx 7078 78.2 103.5 
X Redbine 60 79.4 110.3 
X Plainsman 76.9 93.2 
X Caprock 76.3 110.4 
Redlan x Tx 7078 78.2 124.0 
X Redbine 60 77.9 126.7 
X Plainsman 78.9 102.2 
X Caprock 78.5 121.5 
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Table 39» Means of three-way crosses for days to mldbloom and 
plant height from combined I969 and 1970 experiments 
Days to Plant 
Three-way hybrid mldbloom height (cm) 
(A K X B M) X TX 7078 75.0 115.5 
(A M X B K) X Tx 7078 76.6 115.4 
(A K X B M) X Redbine 60 77.7 119.6 
(A M X B K) X Redbine 60 76.4 119.1 
(A K X B M) X Plainsman 76,6 100,0 
(A M X B K) X Plainsman 75.8 101.3 
(A K X B M) X Caprock 76.8 118.8 
(A M X B K) X Caprock 77.4 121.8 
(A K X B W) X Tx 7078 75.3 110.0 
(A W X B K) X Tx 7078 76.3 110.8 
(A K X B W) X Redbine 60 76.6 116.3 
(A W X B K) X Redbine 60 78.0 115.8 
(A K X B V) X Plainsman 76.7 93.5 
(A W X B K) X Plainsman 75.6 95.8 
(A K X B W) X Caprock 75.6 112.9 
(A W X B K) X Caprock 76.5 114.4 
(A K X B R) X Tx 7078 76.0 119.6 
(A R X B K) X Tx 7078 76.8 116.8 
(A K X B R) X Redbine 60 77.4 121.5 
(A R X B K) X Redbine 60 78.4 126,8 
(A K X B R) X Plainsman 75.1 101.0 
(A R X B K) X Plainsman 75.3 102,3 
(A K X B R) X Caprock 78.8 115.9 
(A R X B K) X Caprock 78.5 118.7 
A K « A Kafir 60 
A M « A Martin 
A W a A Wheatland 
A R = A Redland 
B K a B Kafir 60 
B M = B Martin 
B W = B Wheatland 
B R a B Redlan 
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Table 39. (Continued) 
Days to Plant 
Three-way hybrid midbloom height (cm) 
(A M X B W) X Tx 7078 77.6 110.4 
(A W X B M) X Tx 7078 76.2 105.1 
(A M X B w) X Redblne 60 77.0 117.7 
(A W X B M) X Redblne 60 77.1 117.1 
(A M X B w) X Plainsman 76.2 100.0 
(A W X B M) X Plainsman 77.4 93.7 
(A M X B w) X Caprock 75.8 113.0 
(A W X B M) X Caprock 76.3 117.2 
(A M X B R) X Tx 7078 76.0 115.2 
(A R X B M) X Tx 7078 77.3 111.3 
(A M X B R) X Redblne 60 78.0 112.4 
(A R X B M) X Redblne 60 78.8 121.2 
(A M X B R) X Plainsman 76.5 102.4 
(A R X B M) X Plainsman 77.3 108.5 
(A M X B R) X Caprock 78.6 117.7 
(A R X B M) X Caprock 77.9 124.4 
(A W X B R) X Tx 7078 76.8 103.3 
(A R X B w) X Tx 7078 77.6 109.1 
(A W X B R) X Redblne 60 80.5 120.6 
(A R X B W) X Redblne 60 78.4 109.3 
(A W X B R) X Plainsman 76.6 99.3 
(A R X B w) X Plainsman 77.1 95.2 
(A W X B R) X Caprock 79.0 110.3 
(A R X B w) X Caprock 78.1 116.6 
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A lines vs sterile single-crosses 
The two-year means for days to midbloom and plant height 
along with the range of individual entry means (Table 40) 
showed that the A-lines and sterile single-crosses were very 
much alike for these traits. Sterile single-crosses reached 
midbloom a half-day sooner and they were less than 3 cm 
taller than the sterile lines. In view of the closeness of 
the means for the two groups, statistical tests of the signifi­
cance of the difference between the means were not made since 
the differences certainly are of little practical significance. 
The ranges of means for individual entries within each group 
were nearly alike for days to midbloom (Table 40), but the 
A-lines showed a wider range in plant height than did the 
sterile single-crosses. The shortest A-line (A Wheatland) 
had a mean plant height of 95 cm (Table 4l), whereas the 
shortest sterile single-cross (A Wheatland x B Kafir 60) had 
a mean of 104 cm. 
An advantage for sterile single-crosses relative to A-
lines in terms of stability over years was not shown for 
either midbloom or plant height since significant Interactions 
with years were indicated for both groups (Table 42). As 
shown previously for sterile single-crosses within the three-
way hybrids, reciprocal effects were not a source of signifi­
cant variation within the sterile singles per se. and this 
absence of reciprocal effects was consistent over years 
(Table 42). 
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Table 40. Group means for A-llnes and sterile single-crosses, 
and range of Individual means within each group, 
for days to mldbloom and plant height from combined 
1969 and 1970 experiments 
Population Days to Plant 
type Parameter mldbloom height (cm) 
A-llnes Mean 80.0 109. 9 
Range 78.0 - 82. 1 94.7 - 117.6 
Sterile Mean 79.5 112. 6 
single-crosses Range 76,8 - 81. 2 103.7 - 118.0 
Table 41. Means of parental lines for days to mldbloom and 
plant height. 1969 and 1970 





Parental line 1970 & 1970 1970 & 1970 
A Kafir 60 84 72 78 126 105 115 
A Martin 84 72 78 120 104 112 
A Wheatland 85 78 82 98 91 95 
A Redlan 86 78 82 132 103 118 
Mean of A-llnes 85 75 80 119 101 110 
B Kafir 60 84 73 78 120 101 111 
B Martin 83 72 77 118 105 111 
B Wheatland 85 76 81 99 91 95 
B Redlan 85 80 83 136 105 121 
Mean of B-llnes 84 75 80 118 101 110 
R Tz 7078 85 72 79 104 88 96 
R Redblne 60 84 72 78 129 111 120 
R Plainsman 83 73 78 86 83 85 
R Caprock 86 76 81 114 96 105 
Mean of R-llnes 85 73 79 108 95 101 
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Table 42, Analyses of variance for days to mldbloom and plant 
height In A-lines and sterile single-crosses from 
combined I969 and 1970 experiments 










Among A-lines 3 17.86** 430,9** 
A-lines X years 3 9.15* 87.7** 
Among sterile 
single-crosses 11 8.71* 190,6** 
Reciprocals 6 4.99 42.0 
g.c.a. 3 18.00** 614,2** 
8#C#8# 2 5.94 0,8 
sterile single-crosses 
X years 11 4.10 46.4** 
Reciprocals x years 6 1.84 24.9 
g,c,a, X years 3 9.54** 101,7** 
s.c.a. X years 2 2.72 27.9 
Entries x years 87 3.95** 43,3** 
Pooled error 174 2.40 15.1 
Sterile vs fertile hybrids 
The comparison of sterile single-crosses vs the mean of 
fertile single-crosses plus three-way crosses (Table 33) was 
significant (P = .01) for days to mldbloom, but not for plant 
height. Furthermore, the relationship between the sterile and 
fertile hybrids was stable over years, as shown by the lack of 
significance for the interaction of this comparison with years 
(Table 33)» The two-year mean for days to mldbloom was 79«5 
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in sterile single-crosses and 77.1 in the fertile hybrids. 
Mean plant heights were nearly identical for the two groups, 
112.6 cm in sterile hybrids and 111.8 cm in the fertiles. 
Hybrids vs parents 
Significant heterosis (P = ,01) was expressed for both 
days to midbloom and plant height (Table 33), with hybrids 
being earlier blooming and taller than parents. The hybrids 
reached midbloom in 77*4 days, but the parents needed 80 days 
to reach this stage (two-year means). This relationship was 
consistent over years (Table 33). Mean plant height for the 
two years was 107 cm for the parents and 113 cm for the hy­
brids. The combined analysis for plant height (Table 33) did 
indicate, however, that there was a significant interaction of 
the parents vs hybrids comparison with years. 
Comparisons among parents 
In the combined analyses (Table 43) significant differ­
ences (P = .01) among A-llnes were indicated for both days to 
midbloom and plant height. The two-year means in Table 41 show 
that A Kafir 60 and A Martin were four days earlier in blooming 
than A Wheatland and A Redlan. However, the individual-year 
means for each A-line (Table 4l) and the Individual-year 
analyses (Appendix Tables 68 and 69) showed that the differ­
ence between these pairs of A-llnes was considerably greater 
in 1970 than in I969, the differences being 6.0 and I.5 days, 
respectively. This could account for the significant inter-
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Table 43« Mean squares for variation among and between 
parental types from combined 19^9 and 1970 
experiments 


























R-lines X years 
A vs B-lines 













(A + B) lines vs R-lines 

















action of A-llnes with years noted in the combined analysis 
(Table 43), The tallest A-line was Hedlan and Wheatland was 
the shortest (Table 4l), In the individual years Wheatland 
maintained its position as the shortest A-line, but the ranking 
of the other lines changed from year to year, again contribu­
ting to the significant interaction of A-lines x years shown 
in Table 43. 
The relative performance among B-lines for days to mid-
bloom and plant height was essentially like that discussed 
for the A-lines (Tables 41 and 43). The comparison of A-lines 
vs B-lines, therefore, was not significant in either the indi­
vidual (Appendix Tables 68 and 69) or combined year analyses 
(Table 43) for either character. These comparisons indicated 
that the presence of male-sterility inducing vs normal cyto­
plasm in the lines did not have a significant effect on per­
formance of the lines for days to midbloom or plant height. 
Among the R-llnes there were no significant differences 
for days to midbloom when data for both years were combined 
(Table 43). However, in 1970 highly significant differences 
among R-lines were noted for days to midbloom (Appendix Table 
69). In that year Caprock bloomed considerably later than 
did the other R-lines (Table 4l), Highly significant differ­
ences (P = .01) between mean plant heights of the R-lines were 
indicated by the combined analysis (Table 43)» Redbine 60 was 
the tallest (120 cm) and Plainsman the shortest (85 cm) of the 
R-lines (Table 41). A similar ranking for height of the R-
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lines was found In each of the individual years, and the 
differences again were highly significant (Appendix Tables 
68 and 69). The interaction of R-lines with years (Table 43) 
was significant, however, because the range of means for the 
individual R-lines was much greater in I969 than in 1970 
(Table 41). 
Although there were significant differences in plant 
height between means of the R-llnes vs those of A plus B-
lines in the individual years (Appendix Tables 68 and 69), the 
combined-year data showed that the two groups of lines were 
statistically equivalent (Table 43)• The combined analysis 
(Table 43) showed a similar result for days to mldbloom in 
the two groups of lines, 
Withln-plot Variability 
Within-plot standard deviations for each character were 
calculated from the data recorded on 10 plants In-each plot 
in the spaced test in both years. These standard deviations 
were then analyzed in the same manner as described for plot 
means of the yield test in the Materials and Methods section. 
Although the main Interest was in variability for plant height 
and days to mldbloom, the variability data for grain yield and 
its components also will be presented. 
Tables 44 and 45 show the combined analyses for varia­
bility in plant height and days to mldbloom and for grain 
yield and its components. They show that differences between 
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Table 44, Analysis of variance of wlthin-plot standard de­
viations for plant height and days to mldbloom 
from combined I969 and 1970 experiments 
Mean squares 
Degrees 







Years 1 511.45 5.55 
Replications/years 2 8.35 3.36** 
Entries 87 20.45** 1.02** 
Entries X years 87 8.94 0.50 
Error 174 7.74 0,44 
years were insignificant for each character, and that In only 
one instance (100-seed weight) was there a significant inter­
action between entries and years. Significant differences in 
withln-plot variability between entries were Indicated for 
plant height, days to mldbloom, grain yield, and heads/plant, 
but not for 100-seed weight and seeds/head* 
Single-crosses vs three-way crosses 
Table 46 shows mean squares and levels of significance 
for comparisons of Interest between hybrid types and between 
parents and hybrids for variability in plant height and days 
to mldbloom. Highly significant differences (P = .01) were 
indicated between fertile single-crosses and three-way crosses 
for both characters, and the relationship between these hybrid 
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Table ^5* Analysis of variance of within-plot standard devia­
tions for grain yield and its components from com­














Years 1 2373.8 0.026 0.913 570746 
Replications/years 2 262,0 0.004 0.067 29666 
Entries 87 150.3* 0.015 0.045** 28I3O 
Entries x years 87 109.0 0.014* 0.038 17296' 
Error 174 109.9 0.009 0.029 28614 
types was consistent over years. Mean within-plot standard 
deviations for plant height and days to midbloom of fertile 
single-crosses and three-way crosses are shown for each year, 
and for the results combined over years, in Table 47, In all 
comparisons the three-way crosses, as a group, were more 
variable for both characters than the fertile single-crosses. 
The possibility that some three-way crosses might be as 
uniform as the most uniform single-cross was investigated by 
comparing the ranges of withln-plot standard deviations ob­
served for Individual hybrids within both groups (Table 47), 
In both years, either individually or combined, the most 
uniform three-way cross was more variable for height and mid-
bloom than the most uniform single-cross. At the other end 
of the scale, the single-cross most variable for either 
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Table 46. Mean squares and levels of significance for com­
parisons among hybrid types and between hybrids and 
parents for variability In plant height and days to 










Fertile singles vs three-ways 1 154.35»» 10.64»* 
(Fertile singles vs three-ways) 
X years 1 0.60 0,64 
Sterile singles vs (fertile singles 
plus three-ways) 1 138.91** 1.29 
(Sterile singles vs fertile 
singles plus three-ways) x years 1 40.52* 7.46*» 
Hybrids vs parents 1 64.19** 0.14 
(Hybrids vs parents) x years 1 10.60 0.18 
Pooled error 174 7.74 0.44 
character was more uniform than the most variable three-way 
cross. Nevertheless, for both traits, several of the three-
way hybrids showed levels of variability below that observed 
for the single-crosses as a group (Tables 4? and 48). In 
fact, over the two-year period, one-fourth of the three-way 
hybrids had mean wlthln-plot standard deviations for plant 
height equivalent to, or less than, the mean for fertile 
single-crosses. A similar pattern was noted in the variability 
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Table 4?. Means and ranges of within-plot standard devia­
tions for plant height and days to mldbloom in 
fertile single-crosses and three-way crosses, 










Fertile single-crosses Mean 
Range 
Three-way crosses Mean 
Range 
8.8 
5»6 — 16,8 
10.7 
7.0 - 19.6 
2.2  
1.3 - 3.5 
2.7 
1.4 - 3.7 
1970 
Fertile single-crosses Mean 6.1 
Range 3.7 - 8.0 
Three-way crosses Mean 7.8 
Range 4.3 - 13.3 
1.8 
0.9 - 2.5 
2.3 
1.4 - 4.1 
1969 and 1970 
Fertile single-crosses Mean 
Range 
Three-way crosses Mean 
Range 
7.4 
5.5 - 12.4 
9.2 
6.1 - 16.1 
2.0 
1.4 - 2.8 
2.5 ^ 
1.5 - 3.6 
for days to mldbloom. However, the usefulness of this varia­
bility from a selection standpoint Is greatly lessened by the 
fact that those three-way hybrids that were most uniform for 
plant height were not the hybrids most uniform for days to 
mldbloom. 
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Table 48. Mean wlthln-plot standard deviations for plant 
height and days to mldbloom In three-way crosses, 
from combined I969. and 1970 experiments 
Standard deviations 
Plant Days to 
Three-way hybrid height (cm) mldbloom 
(A K I B M) X Tx 7078 9.6 2.7 
(A M % B K) X Tx 7078 11.2 2.2 
(A K X B M) X Redblne 60 9.1 2.7 
(A M X B K) X Redblne 60 11.6 1.9 
(A K X B M) X Plainsman 8.2 1.6 
(A M X B K) X Plainsman 7.7 1.8 
(A K X B M) X Caprock 11.2 2.1 
(A M X B K) X Caprock 9.5 1.5 
(A K X B W) X Tx 7078 11.1 2.6 
(A W X B K) X Tx 7078 9.1 2.7 
(A K X B W) X Redblne 60 11.0 3.1 
(A W X B K) X Redblne 60 9.8 2.5 
(A K X B W) X Plainsman 8.0 2.4 
(A W X B K) X Plainsman 9.8 2.4 
(A K X B W) X Caprock 8.4 2.4 
(A W X B K) X Caprock 10.6 2.5 
(A K X B R) X Tx 7078 8.2 2.7 
(A R X B K) X Tx 7078 10.3 2.5 
(A K X B R) X Redblne 60 12.4 2.9 
(A R X B K) X Redblne 60 13.8 3.3 
(A K X B R) X Plainsman 9.1 2.1 
(A R X B K) X Plainsman 9.8 1.9 
(A K X B R) X Caprock 11.6 2.5 
(A R X B K) X Caprock 9.3 3.4 
(A M X B W) X Tx 7078 7.4 2.5 
(A W X B M) X Tx 7078 7.2 2.6 
(A M X B W) X Redblne 60 6.6 3.2 
(A W X B M) X Redblne 60 6.5 3.0 
(A M X B w) X Plainsman 6.1 2.4 
(A W X B H) X Plainsman 8.3 2.0 
A K » A Kafir 60 
A M " A Martin 
A W = A Wheatland 
A R = A Redlan 
B K « B Kafir 60 
B M = B Martin 
B W = B Wheatland 
B R a B Redlan 
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Table 48, (Continued) 
Standard deviations 
Plant Days to 
Three-way hybrid height (cm) midbloom 
(A M x B w) X Caprock 8.3 2.8 
(A W X B M) X Caprock 8,9 3.1 
(A M X B R) X Tx 7078 7.8 2,8 
(A R X B M) X Tx 7078 10,6 3.6 
(A M X B R) X Redbine 60 16,1 2,3 
(A R X B M) X Redbine 60 6,9 3.0 
(A M X B R) X Plainsman 6,2 2,3 
(A R X B M) X Plainsman 7.0 2,0 
(A M X B R) X Caprock 6.5 2,8 
(A R X B M) X Caprock 9.8 2,6 
(A W X B R) X Tx 7078 8.7 2.5 
(A R X B W) X Tx 7078 6.3 1,7 
(A W X B R) X Redbine 60 6,8 1.9 
(A R X B W) X Redbine 60 14,1 2,2 
(A W X B R) X Plainsman 6,8 2,1 
(A R X B w) X Plainsman 7.8 1.5 
(A W X B R) X Caprock 10.3 3.0 
(A R X B W) X Caprock 10,0 2,1 
To evaluate the desirability of selecting relatively 
uniform three-way hybrids simple correlations between grain 
yield and the level of variability for each character other 
than grain yield were calculated. A significant (P = .05) 
positive correlation between grain yield of three-way hybrids 
and variability for days to midbloom is shown in Table 49, 
indicating that selection of three-way hybrids uniform for 
days to midbloom would result in simultaneous selection of low­
er yielding types. On the other hand, selection of three-way 
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Table 49, Simple correlation coefficients describing rela­
tionships between grain yields and wlthin-plot 
standard deviations, in fertile single-crosses and 
three-way crosses, for each character measured in 
the combined I969 and 1970 experiments 
Correlation of grain 







Plant height 0.051 0.114 
Days to mldbloom -0.573+ 0.288+ 
Grain yield 0,658+ 0.463++ 
100-seed weight -0.273 -0.359++ 
Heads/plant -0.099 0.149 
Seeds/head -0.081 -0.409++ 
Degrees of freedom 14 46 
+Slgnlficantly different from zero at the five percent 
level of probability. 
++Signlficantly different from zero at the one percent 
level of probability. 
hybrids showing uniformity in height should have no detrimental 
effect on grain yield. Likewise, among the fertile single-
crosses grain yield and variability for plant height were unre­
lated (Table 49). But, in contrast to the three-way crosses, 
a significant negative relationship was found between grain 
yield of the single-crosses and variability for days to mid-
bloom, indicating that the highest yielding single-crosses 
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also were the most uniform for days to mldbloom* 
The association of grain yield with plant to plant varia­
bility for yield and Its components seems of markedly less 
consequence practically than the relationship of yield with 
variability for height and mldbloom. The correlations In 
Table 49 do Indicate, however, that the single- and three-
way crosses most variable for Individual plant yield were the 
highest yielding. Among the three-way crosses significant 
negative relationships were Indicated between grain yield and 
the variability for 100-seed weight and seeds/head. 
Wlthln-hybrld variability in a three-way cross might be 
attributed to either one, or both, of two causes, namely, 
differences between parents of the sterile single-cross for 
that character, or heterogeneity in any of the three parental 
lines. If the predominant cause of high variability in three-
way crosses was a pronounced difference between parents in the 
sterile single-crosses, three-way crosses showing excessive 
variability could be avoided by not combining unlike parents 
in the sterile single-crosses. Simple correlation coeffi­
cients quantifying the degree of association between wlthin-
plot variability of three-way crosses and the difference be­
tween the parents of sterile single-crosses are presented for 
plant height and days to mldbloom in Table 50» The coefficients 
for plant height were not significantly different from zero in 
either year or when both years were combined* For days to mld­
bloom there was a significant positive relationship in 1970 
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Table 50. Simple correlation coefficients describing rela­
tionships between wlthln-plot variability of three-
way crosses and differences between parents of 
sterile single-crosses, from individual experiments 





Character 1969 1970 
1969 
& 1970 
Plant height 10 0.264 -0.366 -0.458 
Days to mldbloom 10 0.228 0.593+ 0.439 
+SlgnlfIcantly different from zero at the five percent 
level of probability. 
but not in 1969. When both years were combined, the correla­
tion coefficient was not significantly different from zero. 
The other cause to which within-hybrid variability might 
be attributed (heterogeneity in parental lines) was investi­
gated by examining the levels of variability within parental 
lines per se and within the same lines In hybrid combinations. 
Genetic heterogeneity in parental lines, in addition to 
creating variability in three-way crosses, should also cause 
plant-to-plant variation in single-crosses. Table $1 presents 
the mean within-plot standard deviations for plant height and 
days to mldbloom for A-llnes and B-llnes per se. and for A-
llnes averaged over all R-llnes and R-lines averaged over all 
A-llnes in fertile single-crosses. If genetic heterogeneity 
was a major cause of variation within single crosses, the 
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Table 51» Mean wlthln-plot standard deviations for plant 
height and days to mldbloom of parental lines 
per se and of parental lines In fertile single-
crosses, from combined I969 and 1970 experiments 
Mean standard deviations 













A Kafir 60 10,1 7.8 2.67 1.95 
A Martin 5.5 7.4 1.87 2.26 
A Wheatland 4.0 6.7 2.32 2.03 
A Redlan 8.8 7.9 2.37 1.78 
Level of 
significance ** ns ns ns 
R Tx 7078 7.2 6.2 2.22 1.94 
R Redbine 60 8.0 7.8 1.65 2.20 
R Plainsman 7.7 7.2 2.47 2.16 
R Caprock 7.5 8.5 2.37 1.72 
Level of 
Significance ns ns ns ns 
ranking of A-llnes and R-llnes should be the same In hybrids 
as In lines per se. Bankings of the lines (Table $1) were 
markedly dissimilar for both characters, however, suggesting 
that genetic heterogeneity was not a major factor In creating 
wlthln-hybrld variability in fertile single-crosses. Table 52 
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Table 52. Mean within-plot standard deviations for plant 
height and days to mldbloom of parental lines 
per se. and of parental lines In three-way crosses, 
from combined I969 and 1970 experiments 
Parental 
line 
Mean standard deviations 
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shows the same comparison In three-way crosses. The data for 
plant height Indicated that there was some association between 
the level of variability for plant height within a particular 
A-llne and the level of variability within three-way hybrids 
Involving that A-llne, It seemed, however, that the varia­
bility of three-way crosses for days to mldbloom was not pre­
dictable from the wlthln-plot variability data for parental 
lines. 
The difficulty surrounding the prediction of within-
hybrid variability of three-way crosses for either plant 
height or days to mldbloom might be expected from the analyses 
of the %ata for variability of three-way crosses for these 
characters (Table 53), The analysis for each character showed 
that differences between three-way crosses, in terms of 
within-hybrid variability, were to a significant extent due to 
the effects of specific combinations of parents, in addition 
to the general effects of parental lines. 
When fertile single-crosses and three-way crosses were 
compared with respect to within-hybrid variability for grain 
yield and each of its components the plant-to-plant variation 
in fertile single-crosses was no different from that in three-
way crosses, except for heads/plant (Table 5%), In fact, this 
one instance of significant difference between the slngle-
and three-way crosses was one In which the variability within 
three-way crosses was significantly less than that of single-
crosses. The ranges among means for the Individual hybrids 
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Table 53» Analyses of variance of within-plot standard de­
viation for plant height and days to mldbloom in 
three-way crosses, from combined I969 and 1970 
experiments 










Among three-way crosses 47 19.49** 0.989** 
R-lines 3 52.83** 4.000** 
















Sterile singles x R-lines 
Reciprocals x R-llnes 
g.c.a. X R-lines 












Three-way crosses x years 47 10.07 0.429 
R-llnes X years 3 6,69 0.280 
Sterile single-crosses 
X years 
Reciprocals x years 
g.c.a. X years 













(Sterile singles x R-lines) 
X years 33 
(Reciprocals x R-llnes) 
X years 18 
(g.c.a. X R-lines) x years 9 









Pooled error 174 7,74 0.44 
Table $4. Mean squares and levels of significance for comparisons among hybrid 
types and between hybrids and parents for variability In grain yield, and 
yield components, from combined I969 and 1970 experiments 













Fertile single-crosses vs 
three-way crosses 1 113.5 0.042 0.155* 12773 
(Fertile singles vs three-ways) 
X years 1 0.5 0,074 0.073 6936 
Sterile single-crosses vs 
fertile singles plus three-ways 1 1463.0** 0.071* 0.230** 245167** 
(Sterile singles vs fertile singles 
plus three-ways) x years 1 159.9 0.069 0.036 1566 
Parents vs hybrids 1 1488.0** 0.025 0.011 753I8 
(Parents vs hybrids) x years 1 141.8 0.004 0.004 82277 
Entires x years 87 109.0 0.014* 0.038 17296 
Pooled error 174 109.9 0.009 0.029 28614 
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within each hybrid group (Table 55) show that the range was 
quite similar In both groups for all characters. Correlation 
coefficients describing the relationship between yields of 
three-way crosses and levels of variability for yield compo­
nents showed that a significant negative relationship existed 
between grain yield and variability for both 100-seed weight 
and seeds/head (Table 49), but the correlation between grain 
yield and variability for heads/plant was not significant. 
These results Indicate that selection of high yielding three-
way crosses would not effect the within-hybrid variability for 
heads/plantI and would In fact reduce variability for 100-seed 
weight and seeds/head. 
A-llnes vs sterile single-crosses 
Generally there was very little difference between the 
A-llnes and sterile single-crosses In mean wlthln-plot standard 
deviations for plant height and days to mldbloom (Table 56). 
More often than not the variability within sterile single-
crosses for these characters was somewhat less than that ob­
served within A-llnes. Table 57» which shows the mean squares 
and results of tests of significance for these comparisons. 
Indicates that the observed differences lay within the limits 
of experimental error, and that the relationship between these 
population types was stable over years. 
Table 56 also Indicates that the range of Individual means 
was reasonably similar In both groups for each character. 
Table 55» Mean and range of wlthln-plot standard deviations for grain yield and 
yield components In fertile single-crosses and three-way crosses, 
































46.5 0,34 0.84 
37.4 - 60.4 0.17 - 0.49 0,52 - 1.13 
44.8 0.33 0.82 
30.3 - 69.9 0.14 - 0.60 0.60 - 1.02 
41.0 0.26 0.81 
30.6 - 52.8 0.16 - 0.36 0.56 - 1.07 
39.6 0.32 0.71 
20.1 - 54.1 0.21 - 0.49 0.35 - 1.06 
43.8 0.30 0.82 
34.9 - 55.0 0.19 - 0.39 0.65 - 1.10 
42.2 0.33 0.77 
30.9 - 58.3 0.22 - 0.49 0.51 - 0.99 
545 
447 - 660 
574 
367 - 834 
654 
481 - 874 
658 
371 - 881 
600 
480 - 702 
616 
456 - 780 
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Table 56, Mean wlthin-plot standard deviations and range of 
individual means for plant height and days to mid-
bloom of A-llnes and sterile single-crosses, mea­
sured in 1969 and 1970 and combined over both years 
Standard deviations 
Year and Plant Days to 
population type Parameter height (cm) midbloom 
1969 
A-llnes Mean 8.0 2.2 
Range 4.3 - 12.8 1.5 - 3.1 
Sterile Mean 7.4 2.0 
single-crosses Range 4.6 - 10.8 1.2 - 3.6 
1970 
A-llnes Mean 6,2 2.4 
Range 3.7 - 8.6 2.2 - 2.5 
Sterile Mean 6.5 2.4 
single-crosses Range 3.1 - 11.7 1.2 - 3.9 
1969 and 1970 
A-llnes Mean 7.2 2.3 
Range 4.0 - 10.1 1.9 - 2.7 
Sterile Mean 6.9 2.2 
Single-crosses Range 5.0 - 9.4 1.3 - 3.4 
Least significant differences (P = .05), calculated for plant 
height and days to midbloom from the combined analyses, were 
3*9 cm and 0.9 days, respectively. When the data from both 
years were combined the differences between the most uniform 
types within each group did not exceed the LSD .05 for either 
character. Also, the least uniform A-line did not differ 
significantly from the least uniform sterile single-cross for 
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Table 57, Mean squares and levels of significance for single-
degree-of-freedom comparison of A-lines and sterile 
single-crosses for within-plot standard deviations, 
from combined I969 and 1970 experiments 
Mean squares 
A-lines vs A-lines vs 
sterile single- sterile single-
Character crosses crosses x years 
Plant height 0, 500 ns 1, 650 ns 
Days to midbloom 0, .207 ns 0, 278 ns 
Grain yield 305, .273 ns 31. 769 ns 
100-seed weight 0, 011 ns 0. 010 ns 
Heads/plant 0, 006 ns 0, 022 ns 




The levels of variability for grain yield and each of the 
yield components were statistically equivalent in A-lines and 
sterile single-crosses (Table 57), with no indication of sig­
nificant interaction with years. Mean within-plot standard 
deviations of the A-lines and sterile single-crosses, as 
groups, and the ranges of individual means within each group, 
for yield-related characters are presented in Table 58, Least 
significant differences (P = ,05) for individual hybrid means, 
calculated from the combined analyses, were 14,7 g, 0,17 g, 
0.24, and 237 for grain yield, 100-seed weight, heads/plant, 
and seeds/head, respectively. When the range of individual 
Table 58. Mean wlthln-plot standard deviations and ranges of individual means for 
grain yield and yield components, measured in I969 and 1970 and combined 


























Range 25.2 - 33.4 
Mean 35.9 
Range 25.3 - 48.3 
Mean 31,6 
Range 27.8 - 33.3 
Mean 36.6 














0.175 - 0.325 0.63 - 0.94 414 - 718 
483 
0.145 - 0.350 0.65 - 0.93 389-673 
497 
0.195 - 0.335 0.59 - 0.79 419 - 593 
586 
0.205 - 0.410 0.40 - 0.94 469 - 699 
510 
0.185 - 0.290 0.61 - 0.86 416 - 656 
.535 
0.232 - 0.360 0.57 - 0.87 436 - 627 
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means within both groups were compared in the light of these 
least significant differences it was found that the ranges 
observed in A-lines and in sterile single-crosses were very 
similar for each of the yield-related characters. 
Table 59 shows the mean wlthin-plot standard deviations 
for plant height and days to midbloom in sterile single-
crosses. The analyses of variance of these standard deviations, 
combined over both years, are presented in Table 60, The 
analyses show that there were no significant differences among 
these hybrids for variability in plant height. Analysis of 
the wlthin-plot variability for days to midbloom indicated 
that the major source of variation was among reciprocal 
crosses. Reciprocal crosses involving Martin as a parent 
consistently showed large differences for variability in days 
to midbloom (Table 59)i ranging from a difference of 112^ In 
crosses with Kafir 60 to 45^ in crosses with Redlan. In all 
of the hybrids Involving Martin, the hybrids having Martin 
as a female parent were more variable for days to midbloom 
than hybrids having Martin as a male parent. In contrast, 
there were no significant differences among A-llnes per se 
for variability in days to midbloom (Table 60). 
Sterile hybrids vs fertile hybrids 
Statistically significant differences between the mean 
wlthin-plot standard deviation of sterile single-crosses and 
that of fertile single-crosses plus three-way crosses were 
Table 59» Mean within-plot standard deviations for plant height and days to mid-
bloom in sterile single-crosses, measured in I969 and 1970 and combined 
over both years 
Standard deviations 
Hybrid 
A Kafir 60 x B Martin 
A Martin x B Kafir 60 
A Kafir 60 x B Wheatland 
A Wheatland x B Kafir 60 
A Kafir 60 x B Redlan 
A Redlan x B Kafir 60 
A Martin x B Wheatland 
A Wheatland x B Martin 
A Martin x B Redlan 
A Redlan x B Martin 
A Wheatland x B Redlan 




1970 & 1970 
8.9 6.0 7.4 
7.0 11.7 9.3 
4.6 5.0 
i.6 6.2 5.4 
6.3 6.1 6.2 
7.2 7.2 7.2 
8.9 7.9 8.4 
6.5 4.3 3.4 
10,8 7.9 9.4 
7.8 5.7 6.8 
6.7 6.8 6.8 
8.3 3.1 5.7 
Days to mldbloom 
1969 
1969 
1970 & 1970 
1.8 1.4 1.6 
2.9 3.9 3.4 
1.4 1.2 1.3 
1.3 2.9 2.1 
1.3 3.0 2.1 
1.2 3.4 2.3 
2.5 2.6 2.6 
1.4 1.4 1.4 
3.6 2.1 2.9 
1.5 2.7 2.0 
2.5 2.5 2.5 
1.6 1.9 1.8 
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Table 60. Analyses of variance of within-plot standard de­
viations for plant height and days to midbloom in 
sterile single-crosses and in sterile lines from 
combined I969 and 1970 experiments 
Degrees Mean squares 
of Plant Days to 
Source of variation freedom height midbloom 
Among A-lines 3 32.69** 0.436 
A-lines x years 3 5.73 0.487 
Among sterile single-crosses 11 8.99 1.519** 
Reciprocals 6 7.23 2.262** 
g.c.a. 3 16.98 0.862 
S • C • 61 • 2 2.25 0.276 
sterile single-crosses x years 11 6.33 1.177** 
Reciprocals x years 6 7.92 0.982* 
g.c.a. X years 3 7.31 1.652* 
s.c.a. X years 2 0.11 0.735 
Pooled error 174 7.74 0,44 
indicated in the combined analyses for each character, with 
the exception of days to midbloom (Tables 46 and 5^)« Table 
61 presents the mean levels of variability for each character 
in fertile and sterile hybrids in individual years, and for the 
data combined over years. In those cases where the combined 
analyses had indicated significant differences, it was the 
sterile single-crosses that exhibited the greater plant-to-
plant uniformity. The relationship between the variability 
within these two groups of hybrids was consistent over years 
for grain yield and the yield components but not for plant 
Table 61. Mean wlthln-plot standard deviations In sterile and fertile hybrids, 
measured In 19^9 and 1970 and combined over both years 
Standard deviations 
Year and Plant Days to Grain 100-seed Heads/ Seeds/ 
hybrid-type height mldbloom yield weight plant head 
1969 
Sterile single-crosses 7*4 2.0 37.2 0,251 O.78 483 
Fertile singles plus 
three-ways 10.2 2.6 45.2 0,333 O.83 567 
1970 
Sterile single-crosses 6.5 2,4 35*9 0,306 0,63 586 
Fertile singles plus 
three-ways 7.4 2.2 40.0 O.305 0,74 657 
1969 and 1970 
Sterile single-crosses 7,2 2,2 36.6 0,279 O.71 535 
Fertile singles plus 
Three-ways 8.8 2.4 42.6 0.323 0,78 612 
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height and days to mldbloom (Tables 46 and 5^)* For the latter 
two characters the two groups differed by a significant amount 
for variability In 19^9 (Appendix Table 70), but In 1970 
statistical equivalence was Indicated by the analyses (Appendix 
Table 71). 
Hybrids vs parents 
Wlthln-plot variabilities for the parents and hybrids 
were for most characters statistically equivalent (Tables 46 
and 54)• In fact, significant differences were found only 
for variability In grain yield and plant height In the combined 
analyses. Mean wlthln-plot standard deviations for each char­
acter In the parents and hybrids are presented In Table 62. 
Generally, the wlthln-plot standard deviations for the parents 
were lower than those observed for the hybrids, and signifi­
cantly so In the case of variability In grain yield and plant 
height. This relationship was consistent over years, as Indi­
cated by the data In Table 62 and the mean squares presented In 
Tables 46 and 54. 
Comparisons among parents 
The possibility that plant-to-plant variation might differ 
for lines that have different types of cytoplasm was Investi­
gated by comparing the variability observed In A-llnes with 
that of their corresponding B-llnes. Mean wlthln-plot standard 
deviations for plant height and days to mldbloom of the A and 
B-llnes are presented In Table 63 for the years Individually 
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Table 62. Mean withln-plot standard deviations In parents and 
hybrids, measured In I969 and 1970 and combined 
over both years 
Standard deviations 
Year and 
population Plant Days to Grain 100-seed Heads/ Seeds/ 
type height midbloom yield weight plant head 
1969 
Parents 8.0 2,3 39.9 0.31 0.81 555 
Hybrids 9.8 2.5 44.0 0.32 0.82 553 
1970 
Parents 6.5 2.2 31.5 0.27 O.69 559 
Hybrids 7.2 2.2 39.3 O.3O 0.7I 646 
1969 and 1970 
Parents 7.2 2.3 35.7 0.29 0.75 557 
Hybrids 8.5 2.3 41.6 0.3I 0.76 6OO 
and combined. Similar means for yield-related characters are 
given in Table 64. Table 65 shows the mean squares for com­
parisons between parental types from the combined analysis for 
each character. Differences between the A-llnes and B-lines 
for withln-plot variability were not significant for any of 
the characters studied, and there were no indications of 
significant interactions with years. The differences among 
individual lines within any parental group were not signifi­
cant (Table 63) with the exception of differences among 
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Table 63. Mean within-plot standard deviations for plant 
height and days to midbloom in parental lines, 
measured in I969 and 1970 and combined over both 
years 
Standard deviations 
Plant height Days to midbloom 
Parental 1969 19^9 
line 1969 1970 & 1970 1969 1970 & 1970 
A Kafir 60 12.8 7.5 10.1 3.10 2.25 2.67 
A Martin 5.8 5.2 5.5 1.50 2.25 1.87 
A Wheatland 4.3 3.7 4.0 2.10 2.55 2.32 
A Redlan 9.0 8.6 8.8 2.25 2.50 2.37 
All A-lines 7.96 6.25 7.11 2.24 2.39 2.31 
B Kafir 60 9.8 5.4 7.6 3.00 2.20 2.60 
B Martin 5.8 6.7 6.2 1.95 1.60 1.77 
B Wheatland 4.9 4.0 4.5 2.85 1.70 2.27 
B Redlan 9.3 9.7 9.5 2.70 2.60 2.65 
All B-lines 7.45 6.46 6.96 2.62 2.02 2.33 
R Tx 7078 10.0 4.5 7.2 2.30 2.15 2.22 
R Redbine 60 10.1 5.9 8.0 1.35 1.95 1.65 
R Plainsman 5.9 9.4 7.7 2.30 2,65 2,47 
R Caprock 8.3 6.8 7.5 2,70 2.05 2.37 
All R-lines 8.59 6.67 7.6 2.16 2.20 2.18 
A-lines for variability in plant height, A Martin and A 
Wheatland were the least variable for plant height and A 
Kafir 60 was the most variable (Table 63). The low level of 
variability observed in both A and B Martin for plant height 
and days to midbloom suggests that the variability in A Martin 
per se. resulting from either contamination or cytoplasmic 
Table 6^-, Mean withln-plot standard deviations for grain 
yield, 100-seed weight, heads/plant, and seeds/ 
head in parental lines, measured In 1969 and 1970 
and combined over both years 
Standard deviation 
Grain yield 100. •seed weight 
Parental 1969 1969 
line 1969 1970 , & 1970 1969 1970 & 1970 
A Kafir 60 27.1 28.4 27.8 0.17 0.19 0.18 
A Martin 30.6 33.4 32.0 0.19 0.33 0.26 
A Wheatland 36.1 29.9 33.0 0.31 0.20 0.26 
A Redlari 41.4 25.2 33.3 0.32 0.25 0.29 
All A-lines 33.8 29.2 31.6 0.25 0.25 0.25 
B Kafir 60 47.4 34.8 41.1 0.34 0.18 0.26 
B Martin 29.8 27.5 28.7 0.34 0.15 0.25 
B Wheatland 53.4 35.3 44.4 0.28 0.25 0.26 
B Redlan 42.7 36.3 39.5 0.31 0.43 0.37 
All B-llnes 43.3 33.5 38.4 0.32 0.25 0.29 
R Tx 7078 42.4 29.1 35.8 0.28 0.32 0.30 
R Redblne 60 40.8 31.6 36.2 0.30 0.25 0.28 
R Plainsman 35.7 29.4 32.5 0.36 0.33 0.35 
R Caprock 50.3 36.3 43.3 0,45 0.35 0.40 

















































































0.87 0.72 0.79 536 591 564 
Table 65. Mean squares for comparison within and between parental types for wlth-





Plant Days to Grain 100-seed Heads/ Seeds/ 
variation freedom height mldbloom yield weight plant head 
Among A-lines 3 32.69** 0.436 26.3 0.008 0.044 42588 
A-llnes X years 3 5.73 0.487 75.7 0.012 0.003 8900 
Among B-llnes 3 18,02 0.648 185.7 0.014 0.040 56048 
B-llnes X years 3 5.82 0.218 48.5 0.020 0,020 29663 
Among R-llnes 3 0.44 0.544 82,5 0.012 0.053 60092 
R-llnes X years 3 16.04 0,307 13.0 0.003 0.022 11678 
A-llnes vs B-llnes 1 0.18 0.000 380.9 0.010 0.001 61952 
(A-llnes vs B-llnes 
X years 1 1.04 1,125 54.1 0.010 0.016 128 
(A + B) lines vs 
R-llnes 1 3.84 0.202 42.7 0.042 0.038 963 
(A + B) lines vs 
R-llnes X years 1 0.87 0.187 32.7 0.000 0.003 15811 
Entries x years 87 8.94 0.50 109.0 0.014 0.038 17296 
Pooled error 174 7.74 0.44 109.9 0.009 0.029 28614 
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effects, was not the cause of the reciprocal differences noted 
In sterile single-crosses involving Martin as a parent 
(Table 59). 
The variability of R-lines, as a group, was not signifi­
cantly different from that of A-lines plus B-lines, as a group, 
for any of the characters studied (Table 65)0 However, the 
R-lines were generally slightly more variable than the A and 
B-lines for all characters except days to midbloom (Tables 
63 and 6k). This result was somewhat surprising, especially 
for yield-related characters, since it might be expected that 
male-sterile lines, dependent on cross pollination, would show 
relatively higher levels of variability for characters such 
as seeds/head and 100-seed weight than would the self-fertile 
linest It may be that a positive relationship between the 
magnitude of plot means and wlthin-plot standard deviations 
was instrumental in equalizing levels of variability in R-
lines and A and B-lines. 
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DISCUSSION 
One of the main objectives of this study was to compare 
grain yields of single-crosses and three-way hybrids of grain 
sorghum under Iowa conditions. Although the parental lines 
used could not be considered a set selected at random from the 
germplasm available to sorghum breeders, thereby allowing 
Inferences to be made to grain sorghum in general, they may 
be considered representative of the germplasm currently avail­
able in Iowa for use in the development of superior hybrids. 
Accordingly, inferences may be made only to that pool of 
germplasm. 
Mean grain yields of single-crosses and three-way hybrids 
were statistically equivalent in each of the years in which 
the study was conducted (Appendix Tables 66 and 67)» and when 
the data from both years were combined (Table 6). In fact, one 
of the most striking features of the yield data was the very 
close similarity between the means of these hybrid types (Table 
?)• Expressed as a percentage of the single-cross meem, the 
difference between the two groups was only 1% in each of the 
two years. Furthermore, the ranges among individual hybrid 
means within each group were quite similar (Table 7), although 
the highest yielding three-way hybrid always outylelded the 
highest yielding single-cross. 
These results are in close agreement with those reported 
previously for grain sorghum (Stephens and Lahr, 1959J Doggett 
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and Majisu, I966; Liang, 1971)* Also, they are In agreement 
with results published by Ross (I969) In that when years were 
combined, a significant difference in grain yield between 
single-crosses and three-way hybrids was not found. In the 
study reported by Ross (I969) differences in grain yield be­
tween single-crosses and three-way hybrids were statistically 
significant in some years but not in others. The fact that 
significant differences were not found in individual years in 
this study may be explained by the fact that testing was con­
ducted over only two years, both of which were quite similar 
in terms of suitability for the growth and development of 
grain sorghum. 
Under conditions of uniform stand levels, the three 
characters, grain weight, seeds/head, and heads/plant, are the 
components of yield, and, when measured accurately give a 
precise account of the manner in which the yield of a genotype 
is made up. It must be remembered, however, that these yield 
components are not the determinants of yield. Grain yield de­
pends ultimately on environmental factors such as available 
moisture, soil fertility, and temperature together with the 
physiological efficiency of the plant in utilizing these 
factors in the production of grain. The lack of a significant 
difference between the single-cross and three-way hybrids for 
any of the yield components (Table 6) indicates that both 
hybrid types exploited these factors in similar ways. 
The single- and three-way crosses were very similar for 
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days to midbloom and plant height. Two-year means differed 
by only 0.2 days for days to midbloom, and by only 0.9 cm 
for plant height (Table 31). Neither of these differences 
was significant statistically (Table 32). In the individual 
year analyses for these traits the only instance in which 
single- and three-way crosses differed significantly was for 
plant height in 1970 (Appendix Table 69)• Even in this in­
stance it is doubtful if the 2.2 cm greater height of the 
single-crosses (Table 3I) is of practical importance. Similar 
results have been reported by Boss (1969)» As in the case of 
grain yield, the ranges among individual hybrid means for days 
to midbloom and plant height were similar in both groups of 
hybrids (Table 31), 
Since single-crosses and three-way hybrids were equivalent 
in grain yield, days to midbloom, and plant height there would 
appear to be no great Incentive to change from single-crosses 
to three-way crosses unless three-way hybrids can be shown to 
have advantages for growers or seed producers in traits other 
than yield, maturity or height. Characteristics for which 
three-way hybrids might have an advantage for the grower in­
clude greater stability of performance in varying environments, 
and for the seed producer there might be an advantage in a 
lower production cost per bushel of seed. Advantages which 
might be demonstrated under these headings would have to be 
balanced against any disadvantages which three-way hybrids 
might have. 
138 
There was some Indication In my experiments that three-
way hybrids had greater stability for grain yield than did the 
single-crosses (Tables 10 and 11). However, this study was not 
designed to evaluate relative stabilities of the populations 
so It Is only an Indication which may be supported or refuted 
subsequent experiments conducted over several locations 
and years. Similar Indications of greater stability In three-
way sorghum hybrids have been reported by at least two other 
workers (Doggett and Majlsu., 1966; Ross, I969). 
Whether the production of three-way cross seed would be 
attractive to seed producers, or not, would depend, to a large 
extent, on the seed-producing ability of sterile single-
crosses. The land area required for the production of three-
way hybrid seed would be greater than that needed to produce 
seed of single-crosses. Furthermore, the seed producer would 
Incur extra storage and handling expenses In producing seed of 
three-way crosses. To offset these Increased costs, which 
would eventually be passed on to the grower, it would be 
necessary for sterile single-cross parents to be superior to 
sterile lines in seed yield and in other agronomic characters. 
In my experiments the sterile single-crosses were superior 
to sterile lines as seed parents, with the former yielding 
19% more than the latter (Table I9) over the two-year period. 
This difference was highly significant (Table 20). In indi­
vidual years, the superiority of single-cross seed parents 
ranged from 14^ in I969 to in I97O (Table I9), but only 
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in 1970 was the difference significant (Table 20). The 
higher yields of sterile single-crosses relative to the A-llnes 
resulted largely from greater numbers of seeds/head. This 
advantage more than compensated for the larger seed-size of 
the A-llnes, although differences between two-year means for 
the two groups were not significant for any of the yield com­
ponents (Table 20), Similar findings have been reported by 
Stephens and Lahr (1959). The differences between A-llnes 
and sterile single-crosses for days to mldbloom and plant 
height (Table 40) were very small when two-year means were 
compared and would not appear to be of sufficient magnitude 
to offset the advantage in seed yield shown by the sterile 
single-crosses. 
There are also some possible disadvantages for three-way 
hybrids in comparison with single-crosses. One possible dis­
advantage would be the level of within-hybrid variability, 
because in the production of three-way hybrids there is an 
opportunity for segregation and recombination which does not 
exist in the production of single-crosses. Research with 
naturally self-pollinating species has indicated that con­
trolled levels of heterogeneity may be advantageous (Allard, 
1961; Gustafsson, 1946}, but it has also been shown that there 
is an upper limit, set by the needs of growers and processors, 
to the variability acceptable within populations if they are 
to be useful. Stephens and Lahr (1959) have suggested that 
three-way grain sorghum hybrids are not necessarily more 
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variable for important agronomic characters than single-
crosses, but data to support or refute this oonteiïtion have 
not been published. 
In reflecting on my investigations I have not defined an 
upper limit for variability for any character, but have taken 
the level of variability within single-crosses as an acceptable 
level and evaluated three-way hybrids in relation to this 
standard. Also, in this context one has to distinguish be­
tween deviations that are significant statistically and 
deviations from the standard that may have biological signifi­
cance. One also has to decide for which characters variability 
is of consequence to the grower or processor. 
It seems that, of the characters studied, plant height and 
days to midbloom are the ones in which variability would be 
most important. Variability in grain yield per plant would 
seem to be of little consequence since a grower is concerned 
with yield per unit area. Among the yield components, it is 
conceivable that gross variability in seed size, as measured 
by 100-seed weight, could cause problems in adjusting the 
combine for efficient threshing of the grain. Variability in 
seeds/head would appear not to be of importance. Variability 
for heads/plant would also seem to have little practical im­
portance, except that it may effect the variability for days 
to midbloom when both the main stalk and tiller heads are 
considered. 
For plant height and days to midbloom the three-way 
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hybrids were more variable than single-crosses in the individu­
al years and in the data combined over both years (Table 47). 
Although these differences were significant statistically 
(Appendix Tables 70 and 71# Table 46), it is doubtful that 
they are of sufficient magnitude to be important biologically. 
The mean within-plot standard deviations for plant height of 
the two groups differed by only 1.8 cm for the combined year 
data. The insignificance of this difference from a field-
scale production standpoint may be illustrated by comparing 
the distribution of individual plant heights within single-
crosses with that in three-way hybrids. Mean within-plot 
standard deviations for plant height in single-crosses and 
three-way crosses were 7.4 and 9»2 cm, respectively (Table 
47). Assuming a normal distribution of plant heights within 
each population and that 95/^ of the individuals in either 
population will be Included in the range X - 28D, these data 
show that in a single-cross the plants will differ in height 
within a range of approximately 30 cm, while in a three-way 
cross the range will be approximately 37 cm, a difference of 
7 cm (about 3 inches). In setting the cutter bar for har­
vesting it is doubtful if a combine operator would be working 
with such precision that a difference of this magnitude would 
create a serious problem. 
If the same assumptions and reasoning are applied to the 
results for days to midbloom (Table 47), it is found that 
virtually all plants within a single-cross would reach midbloom 
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within approximately 8 days of each other, and that the range 
in three-way hybrids would be 10 days. It does not seem that 
a difference of this magnitude would be of practical im­
portance. However, my notes for days to midbloom were taken 
only on the main stalk head, and if the period of tiller pro­
duction was not of equal duration in both types of hybrids 
these results could be misleading, since early or late formed 
tillers should prolong the period during which individual 
heads within a population would reach midbloom. Estimates of 
differences in variability for days to midbloom in two popula­
tions, based on observations on the main stalk heads, would also 
be expected to be biased if the number of heads/plant, or 
the variability for heads/plant, were substantially different 
in the two populations. My results showed, however, that the 
number of heads/plant was virtually the same in both types of 
hybrids (Tables 6 and 7), and that the variability for heads/ 
plant was significantly greater in single-crosses than in 
three-way crosses (Tables 54 and 55)» Therefore, any bias in 
the estimates of variability for midbloom would be of the type 
that would lead to an underestimation of the variability in 
single-crosses. 
In adjusting threshing equipment, seed size must be taken 
into account if excessive damage to the seed is to be avoided. 
Therefore, hybrids with high levels of variability for seed 
size are undesirable. In this study three-way hybrids, as a 
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group» were no more variable for this character than single-
crosses as a group (Tables 5^ and 55)* It was observed, 
however, that the range of within-plot standard deviations 
among individual three-way hybrids was somewhat wider than the 
range among the single-crosses (Table 55), A comparison of 
the most variable hybrids within each group showed that the 
range of 100-seed weights in the single-cross was I.56 g in 
contrast to I.96 g in the three-way cross, a difference which 
does not appear to be sufficient to cause concern. 
Although the differences between single-crosses and 
three-way crosses for variability in plant height and days to 
midbloom are considered too small to be of practical impor­
tance, it is of interest to inquire into the reasons why 
three-way hybrids were more variable for these characters than 
single-crosses. What were considered the most likely causes, 
namely, differences between parents of the sterile single-
cross and heterogeneity within parental lines (resulting from 
mutation, outcrossing, or mechanical contamination) were in­
vestigated. But when differences between parents of the 
sterile single-cross were correlated with levels of variability 
in three-way hybrids involving that sterile single-cross, the 
correlation coefficients for plant height were not signifi­
cantly different from zero in either of the individual years, 
nor when data from both years were combined (Table 50). 
Similar correlations for days to midbloom gave a coefficient 
that was significantly greater than zero in only one of the 
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years. These results are in accord with those of Pinnell 
(1943) who concluded that it was not possible to predict the 
relative variability of double-cross maize hybrids on the 
basis of character means of the inbreds, because unrelated 
inbreds that look alike for a particular character very 
probably differ for some of the genes controlling that 
character. It would seem that unless very diverse parents were 
being used, the suggestion of Rosenow (I968) that great care 
should be exercised in selecting parents for sterile single-
crosses in the production of three-way grain sorghum hybrids, 
so that the resulting three-way hybrid would not be excessively 
variable, is unwarranted. 
The influence of heterogeneity within parental lines on 
within-hybrid variability was evaluated by comparing within-
plot standard deviations of parental lines per se and those 
of the same lines in hybrid combination (Table 51)» In 
general there was little indication of an association between 
the variability within parental lines and the variability of 
the single-cross or three-way hybrid involving those lines. 
This result would be expected if the variability observed in 
parents was due to environmental causes rather than genetic 
heterogeneity. 
It is generally recognized that excessive variability 
within a crop population is not desirable, especially where 
field operations are highly mechanized. The results presented 
have shown that three-way hybrids evaluated in this study were 
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not excessively variable# It has also been suggested that 
limited genetic diversity within a crop population may be 
advantageous from the point of view of both production and 
stability (Allard, 1961; Reich and Atkins, 1970). The results 
from my experiments, however, do not provide strong support 
for this contention. Correlation coefficients describing the 
relationship between grain yield and variability for yield 
components were either not significantly different from zero 
or they were significant and negative (Table 49). Yielding 
ability was not related to variability in plant height. 
Variability in days to mldbloom was significantly and posi­
tively related to grain yield in three-way hybrids, but it was 
significantly and negatively related to grain yield in the 
single-crosses. 
If three-way crosses, in the light of stability studies 
etc., do prove desirable, information will be needed on pro­
cedures for getting the best combination of lines together 
into a three-way hybrid. Di this context, methods of pre­
dicting the performance of three-way crosses will become im­
portant. The usefulness of these methods, and the particular 
method to be used, will be Influenced by the relative impor-
temce of nonaddltive gene action in the inheritance of traits 
for which predictions are desired. In my study two methods of 
predicting grain yield in three-way hybrids were evaluated. 
One method, analogous to Jenkins Method B (Jenkins, 1934), 
was one in which both additive and dominance types of gene 
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action were taken Into account. The other method, based on 
parental performance per se. takes only additive gene action 
Into account. Three-way cross yields were predicted from two-
year means for single-crosses and parental lines and then 
compared with the observed two-year means for the three-way 
hybrids (Table 29). 
Yields predicted on the basis of perfoimance of parental 
lines per se were rather poorly correlated with the observed 
yields (r = 0.45). This indicated that some form of nonaddi-
tive gene action, either dominance or eplstasis, was involved 
in the inheritance of grain yield in this material. When 
yields predicted on the basis of the performance of nonparental 
single-crosses (Jenkins Method B) were correlated with ob­
served yields a considerably higher correlation coefficient 
was obtained (r = 0.70). The efficiency with which Jenkins 
Method B predicted yields of three-way hybrids is Illustrated 
in Table 30. This result, along with the fact that three-way 
hybrids and single-crosses did not differ significantly in 
grain yield (Table 6), implies that eplstasis was of little 
consequence, an implication which agrees with the findings of 
Ross (1969) and Liang (1971). 
If the contribution of eplstasis is negligible then 
dominance effects must explain the poor predictions from 
parental line performance data and the fact that considerable 
heterosis was expressed for grain yield (Tables 6 and 24). 
However, this contention leaves unexplained the fact that 
14? 
the mean squares for specific combining ability in the 
analyses of yield data in fertile single-crosses and in 
three-way crosses were not significant in either of the in­
dividual years (Appendix Tables 66 and 67) or in the data 
combined over years (Tables 10 and 11), However, a situation 
can be visualized in which significant heterosis could be 
observed although specific combining ability mean squares were 
nonsignificant* Consider a series of loci showing dominance, 
and all of nearly equal effect. If in each of the parental 
lines two different loci carry dominant alleles, then the same 
level of heterosis will be expressed regardless of the parental 
combination; Since all hybrids show the same level of hetero­
sis, relative to the mid-parent, specific combining ability 
mean squares would not be significant. 
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SUMMARY 
Replicated experiments were conducted at Ames, Iowa during 
1969 and 1970 to evaluate the performance and wlthln-plot 
variability of single-cross and three-way hybrids of grain 
sorghum. Pour A-llnes, their corresponding B-llnes, and four 
R-llnes were used to produce 12 male-sterile single-crosses 
(A z B)« 16 male-fertile single-crosses (A x R), and 48 three-
way crosses [(A x B) x R]. These 76 hybrids and the 12 paren­
tal lines were entries In two separate experiments in each year. 
In one experiment data were recorded for each plot for grain 
yield. In the other experiment data were recorded for 10 
competitive plants within each plot for plant height, days to 
mldbloom, and the primary components of grain yield; heads/ 
plant, seeds/head, and 100-seed weight. 
Although the highest yielding three-way hybrid always 
outylelded the highest yielding single-cross, mean grain yields 
of single-crosses and three-way hybrids were statistically 
equivalent in each year and when data from both years were 
combined. Expressed as a percentage of the single-cross mean, 
the difference between the two groups was only one percent in 
in each of the two years. Comparison of hybrid-type x year 
mean squares for grain yield Indicated that three-way hybrids 
might have greater stability of performance than single-
crosses. However, these experiments were not conducted over 
a range of environments sufficiently wide to allow an accurate 
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evaluation of yield stability. Yield structure was the same 
In both hybrid types as evidenced by the lack of significant 
differences between group means for any of the yield components. 
The single- and three-way crosses were very similar for 
days to mldbloom and plant height. Two-year means differed 
by only 0.2 days for days to mldbloom, and by only O.9 cm 
for plant height. Neither of these differences were signifi­
cant statistically. Furthermore, the ranges among individual 
hybrid means for these traits were similar in both groups of 
hybrids. 
Sterile single-crosses were superior to sterile lines as 
seed parents, with the former yielding 19^ more than the latter 
over the two-year period. In Individual years this superiority 
ranged from 14$ in I969 to 24$ in 1970. The higher seed 
yields of sterile single-crosses relative to the A-lines re­
sulted largely from greater numbers of seeds/head which more 
than compensated for the larger seed-size of the A-lines. 
Differences between the two types of seed parents for days to 
mldbloom and plant height were very small and would not appear 
to be of sufficient magnitude to offset the advantage in seed 
yield shown by the sterile single-crosses. 
Mean within-plot standard deviations for plant height and 
days to mldbloom were significantly larger for three-way 
hybrids than single-crosses, in each of the Individual years 
and when data were combined from both years. However, assuming 
a normal distribution of plant heights and days to mldbloom 
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within each population and that 9S% ot the Individuals within 
each population would be Included In the range X - 2SD, the 
variability within single-crosses and three-way hybrids for 
these two characters was very similar, and the differences 
observed would be unlikely to be of practical Importance. 
Variability In seed size was essentially the same for both 
hybrid types. 
Causes for the greater variability for days to mldbloom 
and plant height In three-way hybrids were not established. 
Neither differences between parents of sterile single-crosses 
nor variability within parental lines per se. appeared to be 
closely associated with variability within three-way hybrids. 
The contention that limited genetic diversity within a 
population may be advantageous from the point of view of pro­
duction was not supported by the results of these experiments. 
Correlation coefficients describing the relationship between 
grain yield and variability for yield components were either 
not significantly different from zero or they were significant 
and negative. Yielding ability was not related to variability 
in plant height. Variability in days to mldbloom was signifi­
cantly and positively related to grain yield in three-way 
hybrids, but it was significantly and negatively related to 
grain yield in the single-crosses. 
Two methods of predicting grain yields in three-way hy­
brids were evaluated. One method, based on the performance of 
parental lines per se. which took only additive gene action 
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into account, predicted yields that were rather poorly corre­
lated with observed yields of three-way hybrids « The other 
method, analogous to Jenkins Method B, which took additive 
and dominance types of gene action into account, gave pre­
dicted yields which were highly correlated with observed 
yields. The relative efficiencies of the two prediction 
methods, in addition to the observed heterosis, suggested that 
both additive and dominance types of gene action were both 
important in the inheritance of grain yield in this material. 
The equivalence of yields of three-way hybrids and related 
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Table 66. Analyses of variance for grain yield and its components for I969 experiment 
Degrees Mean squares 
of Grain 100-seed Seeds/ Heads/ 
Source of variation freedom yield weight head plant 
Replicates 1 24511 0.01 373 0.44* 
Entries 87 149609** 0.34** 253305** 0.14 
Fertile singles vs three-ways 1 55224 0.00 34164 0.23 
I^brids vs parents 1 3740696** 0.48* 1071546** 0.62* 
Sterile singles vs 
(fertile singles + three-ways) 1 345029** 13.82** 7815332** 0.23 
Among parents 11 70352 0.48** 421989** 0.19* 
Among A-lines 3 128101* 0.10 339577** 0.36* 
Among B-lines 3 17822 0.14 15195 0.06 
Among R-lines 3 88473 0.10 245223* 0.24 
A vs B-lines 1 65664 1.77** 1281175** 0,12 
(A+B-lines) vs R-lines 1 5023 2.52** 1560720** 0,00 
Among sterile single-crosses 11 122178** 0.04 81246 0.06 
Reciprocals 6 60889 0.01 42772 0.04 
g.c.a. 3 172396** 0,11 176010* 0.04 
2 230724** 0.02 54522 0.16 
Among fertile single-crosses 15 171992** 0.07 186695** 0.12 
g.c.a. (males) 3 220662** 0.18 66488 0.14 
g.c.a. (females) 3 441923** 0.06 328108** 0.16 
S t C • 8. t 9 65793 0.04 179626** 0.09 
Table 66. (Continued) 













Among three-way crosses 47 88907** 0.06 100016* 0.13 
R-llnes 3 483278** 0.37** 134923 0,64** 
Sterile single crosses 11 80564* 0.07 96033 0.06 
Reciprocals 6 24991 0.04 54030 0.03 
g.c.a. 3 203431** 0.17 185652* 0.16 
s. c 0 a • 2 57984 0.03 87614 0.04 
Sterile singles x R-llnes 33 55837 0.03 98171 0.11 
Reciprocals x R-llnes 18 , 74691* 0.02 66489 0.08 
g.c.a. X R-llnes 9 44168 0.05 205707** 0.16 
s.c.a. X R-llnes 6 16775 0.02 31914 0.13 







Table 6?. Analyses of variance for grain yield and its components for 1970 experiment 
Degrees Mean squares 
of Grain 100-seed Seeds/ Heads/ 
Source of variation freedom yield weight head plant 
Replicates 1 24795 0.019 197986 0.010 
Entries 87 183164** 0.137** 207132** 0.099** 
Fertile singles vs three-ways 1 53346 0.000 19794 0.235* 
Hybrids vs parents 1 7378977** 0.579** 4001248** 0.000 
Sterile singles vs 
(fertile singles + three-ways) 1 394272** 3.678** 1512455** 0.574** 
Among parents 11 190687** 0.332** 490374** 0.120* 
Among A-lines 3 170484* 0.107** 500656** 0.198* 
Among B-lines 3 55590 0.022 277210* 0.062 
Among R-lines 3 234641** 0.097** 305536** 0.162* 
A vs B-lines 1 220900* 2.016** 1623076** 0.048 
(A+B-lines) vs R-lines 1 494508** 0.963** 52O833** 0.010 
Among sterile single-crosses 11 46071 0.056** 74489 0.074 
Reciprocals 6 43107 0.065** 76948 0.063 
g.c.a. 3 43795 0.068** 75436 0.117 
S • C • SI • 2 58379 0.012 65696 0.041 
Among fertile single-crosses 15 62169 0.05 8* 109721 O0O92 
g.c.a, (males) 3 82197 0.205** 256331* 0.105 
g.c.a. (females) 3 32700 0.041 103286 0.125 
S • 0 e St • 9 65317 0.008 62996 0.077 
Table 67, (Continued) 













Among three-way crosses 47 97267** 0.054** 98459 0.093* 
R-lines 3 489412** 0.485** 267074* 0.049 
Sterile single-crosses 11 109682* 0.042** 163052* 0.194** 
Reciprocals 6 36861 0.028 171116* 0.210** 
B.C.a. 3 289241** 0.023 203249* 0.176* 
8 # 0 # & # 2 58807 0.109** 78565 0.176* 
Sterile singles x R-lines 33 57479 0.018 61600 0.063 
Reciprocals x R-lines 18 54394 0.015 57907 0.054 
g.c.a. X R-lines 9 82270 0.029 48929 0.089 
s.c.a. X R-lines 6 29551 0.013 91685 0.052 
Error (reps x entries) 87 53464 0.016 74418 0.053 
Total 175 
163 
Table 68, Analyses of variance for days to midbloom and plant 
height for I969 experiment 
Degrees 
Mean squares 
of Days to Plant 
Source of variation freedom midbloom height 
Replicates 1 1.37 2.49 
Entries 87 8.07** 272.45** 
Fertile singles vs three-ways 1 0.94 3.57 
Hybrids vs parents 1 85.47** 584.06** 
Sterile singles vs 
(fertile singles + three-ways) 1 164.94** 14.84 
Among parents 11 1.97 475.97** 
Among A-lines 3 0,89 438.09** 
Among B-lines 3 3.07 472.73** 
Among R-lines 3 2.77 636.88** 
A vs B-lines 1 1.44 3.72 
(A+B-lines) vs R-lines 1 0.01 588.84** 
Among sterile single-crosses 11 4.69 179.98** 
Reciprocals 6 3.39 51.94* 
g.c.a. 3 4.88 547.60** 
s.c.a 2 8.31 12.32 
Among fertile single-crosses 15 6.55* 353.81** 
g.c.a, (males) 3 2.44 1043.76** 
g.c.a» (females) 3 13.81* 497.72** 
S • C • 0,9 9 5.50 75.86** 
Among three-way crosses ^7 5.66* 225.13** 
R-lines 3 26.76** 2371.54** 
Sterile single-crosses 11 2.41 200,62** 
Reciprocals 6 2.45 85.66** 
g.c.a. 3 3.72 515.52** 
S•Cad» 2 0.32 73.34* 
Sterile singles x R-lines 33 4.83 38,17** 
Reciprocals x R-lines 18 3.74 38.32* 
g.c.a. X R-lines 9 7.63* 27.70 
s.c.a. X R-lines 6 3.88 52.56* 
Error (reps x entries) 87 3.56 20.12 
Total 175 
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Table 69. Analyses of variance for days to midbloom and plant 
height for 1970 experiment 
Mean squares 
Degrees 
of Days to Plant 
Source of variation freedom midbloom height 
Replicates 1 7.17* 34.20 
Entries 87 7.73** 116,39** 
Fertile singles vs three-ways 1 0.19 114.84** 
Hybrids vs parents 1 95.30** 452.50** 
Sterile singles vs 
(fertile singles + three-ways) 1 72.82** 10.93 
Among parents 11 18.42** 145.73** 
Among A-llnes 3 26.13** 80.44** 
Among B-llnes 3 28.55** 89.55** 
Among a-llnes 3 7.10** 297.10** 
A vs B-llnes 1 0.00 0.04 
(A+B-llnes) vs R-llnes 1 17.28** 201.72** 
Among sterile single-crosses 11 8.14** 57.46** 
Reciprocals 6 3.44* 14.78 
go c s a» 3 22.66** 168.28** 
S • 0 • 2 0.49 19.30 
Among fertile single-crosses 15 3.69** 150.72** 
g.c.a. (males) 3 0.57 526.30** 
g.c.a. (females) 3 14.71** 146.42** 
S • c • â • 9 1.06 26.96** 
Among three-way crosses 47 3.34** 107.53** 
R-llnes 3 9.79** 1230.19** 
Sterile single-crosses 11 7.47** 35.09** 
Reciprocals 6 1.02 5.32 
g.c.a. 3 22.76** 114.42** 
2 3.88* 5.43 
sterile singles x R-llnes 33 1.38 29.61** 
Reciprocals x R-llnes 18 1.20 28.09** 
g.c.a. X R-llnes 9 1.71 44.90** 
s.c.a. X R-llnes 6 4.65** 11.26 
Error (reps x entries) 87 1.23 10.03 
Total 175 
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Table 70. Analyses of variance of within-plot standard devia­
tions for plant height and days to midbloom, 1969 
Mean squares 
Degrees 
of Plant Days to 
Source of variation freedom height midbloom 
Replicates 1 1.88 4.02** 
Entries 87 18.37** 0.84** 
Fertile singles vs three-ways 1 87.12** 4.68** 
Hybrids vs parents 1 63.48* 0.32 
Sterile singles vs 
164.73** 7.48** (fertile singles + three-ways) 1 
Among parents 11 13.71 0.62 
Among A-lines 3 28.62* 0.87 
Among B-lines 3 12.09 0.43 
Among R-lines 3 7.83 0.66 
A vs B-lines 1 1.06 0.59 
(A+B-lines) vs R-lines 1 4.15 0.38 
Among sterile single-crosses 11 5.74 1.26** 
Reciprocals 6 3.75 1.35* 
g.c.a. 3 13.10 1.39* 
S • C • â • 2 0.69 0.78 
Among fertile single-crosses 15 20.63* 0.79 
g.c.a. (males) 3 27.68* 0.68 
g.c.a. (females) 3 4.22 0.97 
S • C • 9 23.75* 0.77 
Among three-way crosses 47 16.34* 0.66 
R-lines 3 27.68* 2.55** 
Sterile single-crosses 11 13.32 0.87 
Reciprocals 6 5.25 0.31 
g.c.a. 3 35,83* 0.38 
S • C • £l« 2 3.75 3.27** 
sterile singles x R-lines 33 16.32* 0.41 
Reciprocals x R-lines 18 21.77** 0.46 
g.c.a. X R-lines 9 15.53 0.27 
s.c.a. X R-lines 6 1.13 0.49 
Error (reps x entries) 87 9.40 0.46 
Total 175 
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Table 71. Analyses of variance of wlthln-plot standard devia­
tions for plant height and days to midbloom, 1970 
Mean squares 
Degrees 
of Plant Days to 
Source of variation freedom height midbloom 
Replicates 1 16.30 3.41** 
Entries 87 11.02** 0.74** 
Fertile singles vs three-ways 1 67.84** 6.01** 
Hybrids vs parents 1 11.31 0.00 
Sterile singles vs 
(fertile singles + three-ways) 1 14.69 1.29 
Among parents 11 8.30 0.23 
Among A-lines 3 9.79 0.05 
Among B-lines 3 11.75 0.43 
Among R-lines 3 8.65 0.19 
A vs B-lines 1 0.18 0.55 
(A+B-lines) vs R-lines 1 0.56 0.00 
Among sterile single-crosses 11 9.53 1.42** 
Reciprocals 6 11.41 1.90** 
g.c.a. 3 11.20 1.11 
s • c t a* 2 1.38 0.45 
Among fertile single-crosses 15 3.06 0.29 
g.c.a. (males) 3 0.81 0.45 
g.c.a. (females 3 1.80 0.05 
47 
9 4.23 0.31 
Among three-way crosses 13.22** 0.76** 
R-lines 3 31.84** 1.73** 
Sterile single-crosses 11 11.79* 1.04** 
Reciprocals 6 1.60 0.71 
g.c.a. 3 30,01** 0.19 
2 15.03 3.31** 
sterile singles x R-lines 33 12.01** 0.58 
Reciprocals x R-lines 18 14.72** 0.44 
g.c.a. X R-lines 9 4.75 0.89* 
s.c.a. X R-lines 6 14.74* 0.55 
Error (reps x entries) 87 6.02 0.42 
Total 175 
Table 72. Analyses of variance of within 
and yield components, I969 
Degrees 
of 
Source of variation freedom 
Replicates 1 
Entries 87 
Fertile singles vs three-ways 1 
Hybrids vs parents 1 
Sterile singles vs 
(fertile singles + three-ways) 1 
Among parents 11 
Among A-lines 3 
Among B-lines 3 
Among R-lines 3 
A vs B-lines 1 
(A+B-lines) vs R-lines 1 
Among sterile single-crosses 11 
Reciprocals 6 
g.c.a. 3 
• s.c.a. 2 
Among fertile single-crosses I5 
g.c.a. (males) 3 
g.c.a. (females) 3 
s.c.a. 9 
plot standard deviations for grain yield 
Mean squares 
Grain 100-seed Heads/ Seeds/ 












































































Table 72. (Continued) 
Degrees Mean squares ; 
of Grain 100-seed Heads/ Seeds/ 
Source of variation freedom yield weight plant head 
Among three-way crosses 47 134.37 0.018** 0.033* 20006 
R-lines 3 171.67 0.058** 0.036 27939 
Sterile single-crosses 11 149.39 0.027** 0,033 16765 
Reciprocals 6 70.07 0.010 0.017 11604 
c« s# 3 276.41 0.052** 0.059* 17337 
s • c • sit 2 196.81 0.043* 0.045 31388 
sterile singles x R-lines 33 125.97 0.011 0.032 20366 
Reciprocals x R-lines 18 98.40 0.008 0.037* 268 
g.c.a. X R-lines 9 202.01 0.020* 0.034 11970 
s.c.a, X R-lines 6 94.63 0.008 0.013 93251** 
Error (reps x entries) 87 98.42 0.010 0.021 21211 
Total 175 
Table 73* Analyses of variance of within 
and yield components, 1970 
Degrees 
of 
Source of variation freedom 
Replicates 1 
Entries 87 
Fertile singles vs three-ways 1 
Hybrids vs parents 1 
Sterile singles vs 
(fertile singles + three-ways) 1 
Among parents 11 
Among A-lines 3 
Among B-lines 3 
Among R-lines 3 
A vs B-lines 1 
(A+B-lines) vs R-lines 1 
Among sterile single-crosses 11 
Reciprocals 6 
g.c.a* 3 
s 0 c « a fl 2 
Among fertile single-crosses 15 
g.c.ao (males) 3 
g.c.a, (females) 3 
s.c.a. 9 
plot standard deviations for grain yield 
Mean squares 
Grain 100-seed Heads/ Seeds/ 
yield weight plant head 
104.32 0.004 0.020 39121 
109.36 0.012 0.049 24852 
49.81 0.114** 0.221* 442 
1274.34** 0.025 0,014 1575I8* 
327.72 0.000 0,224* 103773 
28.14 0.014 0,016 30733 
23.46 0,008 0,014 14947 
32.51 0.032* 0,033 30374 
22.43 0.004 0,006 51812 
73.96 0,000 0,004 33856 
0.33 0.021 0,009 12805 
84.45 O0OO6 0.046 10938 
112.31 0.005 0,045 15545 
69.15 0.003 0,048 7917 
23.79 0.013 0,043 1651 
108.10 0.006 0,036 20816 
241.96 0,008 0,039 22149 
103.88 0.001 0,031 21553 
64.89 0,006 0,036 20126 
Table 73, (Continued) 
Degrees Mean squares 
of Grain 100-seed Heads/ Seeds/ 
Source of variation freedom yield . weight plant head 
Among three-way crosses 47 106.37 0.012 0.055 24026 
R-lines 3 241.42 0.046** 0.067 21980 
Sterile single-crosses 11 114.44 0.009 0.085 27800 
Reciprocals 6 109.55 0.012 0.052 33385 
g*c#a* 3 105.84 0.008 0.109* 34968 
s•c•a* 2 142.02 0.004 0.148* 290 
Sterile singles x R-lines 33 91.41 0.010 0.044 22954 
Reciprocals x R-lines 18 71.78 0.009 0.035 24647 
g.c.a. X R-lines 9 166,74 0,013 0.085* 23818 
s.c.a. X R-lines 6 37.28 O0OO8 0.012 16579 
Error (reps x entries) 87 121.36 0.009 0.038 36019 
Total 175 
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Table 74. Means of sterile single-crosses for plant height 
and days to midbloom from combined I969 and 1970 
experiments 
Plant Days to 
^brid height (cm) midbloom 
A Kafir 60 x B Martin 116.4 77.9 
A Martin x B Kafir 60 117«1 76.8 
A Kafir 60 x B Wheatland 107.4 77.7 
A Wheatland x B Kafir 60 103.7 79.6 
A Kafir 60 x B Redlan 118.0 79.2 
A Redlan x B Kafir 60 120.7 79.7 
A Martin x B Wheatland 104.3 80.7 
A Wheatland x B Martin 108.7 80.9 
A Martin x B Redlan 115.5 78.3 
A Redlan x B Martin 124.4 81.2 
A Wheatland x B Redlan 






Table 75* Mean wlthin-plot standard deviations of fertile 
single-crosses for plant height and days to mid-
bloom from 1969 experiment 
Plant Days to 
Hybrid height (cm) midbloom 
A Kafir 60 x R Tx 7078 6.85 I.90 
X R Redbine 60 6.75 2.90 
X R Plainsman 5*75 1.30 
X R Caprock 16,85 2.20 
A Martin x R Tx 7078 5.65 2.25 
X R Redbine 60 13.50 3.50 
X R Plainsman 7.60 3.10 
X R Caprock 9.35 I.85 
A Wheatland x R Tx 7078 6.00 1.95 
X R Redbine 60 7.40 2.25 
X R Plainsman 7.00 2.55 
X R Caprock 10.40 2.50 
A Redlan x R Tx 7078 7.70 I.70 
X R Redbine 60 8.55 1.45 
X R Plainsman 13*35 2.80 
X R Caprock 7.65 I.50 
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Table 76. Mean within-plot standard deviations of fertile 
single-crosses for plant height and days to mid-
bloom from 1970 experiment 
Plant Days to 
Hybrid height (cm) midbloom 
A Kafir 60 x R Tx 7078 6.30 2.10 
X R Hedbine 60 5.95 I.65 
X R Plainsman 5 «60 1.80 
X R Caprock 7«95 1.80 
A Martin x R Tx 7078 5A5 2.15 
X R Redbine 60 8.00 1.80 
X R Plainsman 5*80 2.50 
X R Caprock 3,75 0.95 
A Wheatland x R Tx 7078 6.35 1.95 
X R Redbine 60 4.60 2.25 
X R Plainsman 5*05 1.40 
X R Caprock 6.35 I.30 
A Redlan x R Tx 7078 5.O5 1.55 
X R Redbine 60 7.55 1.80 
X R Plainsman 7*75 1.80 
X R Caprock 5.70 I.65 
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Table 77» Mean wlthin-plot standard deviations of three-way 
hybrids for plant height and days to midbloom from 
1969 experiment 
Plant Days to 
Hybrid height (cm) midbloom 
(AK X BM) X TX 7078 11.8 2.7 
(AM X BK) X TX 7078 9.6 2.3 
(AK X BM) X Redbine 60 9.3 2.3 
(AM X BK) X Redbine 60 14.2 2.5 
(AK X BM) X Plainsman 10.8 1.7 
(AM X BK) X Plainsman 8.7 2.2 
(AK X BM) X Caprock 10.4 2.8 
(AM X BK) X Caprock 11.1 1.4 
(AK X BW) X Tx 7078 13.1 2.8 
(AW X BK) X Tx 7078 8.8 3,1 
(AK X BW) X Redbine 60 8.7 3.2 
(AW X BK) X Redbine 60 12.1 2.5 
(AK X BW) X Plainsman 9.2 2.6 
(AW X BK) X Plainsman 11.8 2.1 
(AK X BW) X Caprock 9.5 2.7 
(AW X BK) X Caprock 12.5 2.8 
(AK X BR) X Tx 7078 10.4 3.1 
(AR X BK) X Tx 7078 11.2 2.4 
(AK X BR) X Redbine 60 16,5 3.3 
(AR X BK) X Redbine 60 18.9 3.7 
(AK X BH) X Plainsman 12.7 2.0 
(AR X BK) X Plainsman 9.9 2.0 
(AK X BR) X Caprock 10.5 2.4 
(AR X BK) X Caprock 12.9 2.6 
(AM X BW) X Tx 7078 9.7 2.3 
(AW X BM) X Tx 7078 8.3 2.8 
(AM X BW) X Redbine 60 7.9 3.7 
(AW X BM) X Redbine 60 7.7 3.4 
(AM X BW) X Plainsman 7.4 2.6 
(AW X BM) X Plainsman 11.9 2.3 
(AM X BW) X Caprock 9.5 3.5 
(AW X BM) X Caprock 11.8 3.4 
AK = A Kafir 60 
AM = A Martin 
AW 3 A Wheatland 





» B Kafir 60 
= B Martin 
= B Wheatland 
= B Redlan 
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Table 77, (Continued) 
Plant Days to 
Hybrid height (cm) midbloom 
(AM X BR) X Tx 7078 8.3 2.9 
(AR X BM) X Tx 7078 10.6 3oO 
(AM X BR) X Redbine 60 19.6 2.6 
(AR X m) X Redbine 60 7.2 3.4 
(AM X BR) X Plainsman 7.1 2.8 
(AR X BM) X Plainsman 9.7 2.1 
(AM X BR) X Caprock 7.9 3.5 
(AR X BM) X Caprock 14.1 3.1 
(AW X BR) X Tx 7078 11.3 3.1 
(AR X BW) X Tx 7078 7.8 1.7 
(AW X BR) X Redbine 60 7.8 2.0 
(AR X BW) X Redbine 60 16.1 2.8 
(AW X BR) X Plainsman 8.9 2.5 
(AR X BW) X Plainsman 8.9 1.4 
(AW X BR) X Caprock 8.2 3.0 
(AR X BW) X Caprock 11.5 2.3 
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Table 78, Mean within-plot standard deviations of three-way 
hybrids for plant height and days to midbloom from 
1970 experiment 
Plant Days to 
Hybrid height (cm) midbloom 
(AK X BM) X Tx 7078 7.5 2.7 
(AM X BK) X Tx 7078 12.9 2.1 
(AK X BM) X Redbine 60 8.9 3.1 
(AM X BK) X Redbine 60 9.1 1.4 
(AK X BM) X Plainsman 5.7 1.5 
(AM X BK) X Plainsman 6.6 1.5 
(AK X BM) X Caprook 11.9 1.4 
(AM X BK) X Caprook 8.0 1.6 
(AK X BW) X Tx 7078 9.7 2.4 
(AW X BK) x.Tx 7078 9.4 2.3 
(AK X BW) X Redbine 60 13.3 3.0 
(AW X BK) X Redbine 60 7.6 2.5 
(AK X BW) X Plainsman 6.8 2.1 
(AW X BK) X Plainsman 7.8 2.7 
(AK X BW) X Caprook 7.4 2.1 
(AW X BK) X Caprook 8.7 2.1 
(AK X BR) X Tx 7078 6.0 2.3 
(AR X BK) X Tx 7078 9.5 2.6 
(AK X BR) X Redbine 60 8.3 2.6 
(AR X BK) X Redbine 60 8,8 2.8 
(AK X BR) X Plainsman 5.6 2.2 
(AR X BK) X Plainsman 9.8 1.8 
(AK X BR) X Caprook 12.7 2.5 
(AR X BK) X Caprook 5.6 4.1 
(AM X BW) X Tx 7078 5.1 2.6 
(AW X BM) X Tx 7078 6,2 2.4 
(AM X BW) X Redbine 60 5.3 2.6 
(AW X BM) X Redbine 60 5.3 2.5 
(AM X BW) X Plainsman k.9 2.2 
(AW X BM) X Plainsman 4.6 1.7 
(AM X BW) X Caprook 7.2 2.1 
(AW X BM) X Caprook 6.1 2.7 
AK = A Kafir BK = B Kafir 60 
AM = A Martin BM = B Martin 
AW = A Wheatland BW = B Wheatland 
AR = A Redlan BR = B Redlan 
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Table 78. (Continued) 
Plant Days to 
Hybrid height (cm) midbloom 
(AH X BR) X Tx 7078 7.4 2.7 
(AR X BM) X Tx 7078 10.7 4.1 
(AM X BR) X Redbine 60 12.6 1.9 
(AR X BM) X Redbine 60 6.6 2.7 
(AM X BR) X Plainsman 5.3 1.8 
(AR X BM) X Plainsman 4.3 1.9 
(AM X BR) X Caprock 5.1 2,0 
(AR X BM) X Caprock 5.6 2.1 
(AW X BR) X Tx 7078 6.2 1.8 
(AR X BW) X Tx 7078 4.8 1.8 
(AW X BR) X Redbine 60 5.8 1.8 
(AR X BW) X Redbine 60 12.2 1.6 
(AW X BR) X Plainsman 4.6 1.6 
(AR X BW) X Plainsman 6.7 1.6 
(AW X BR) X Caprock 12.5 3.0 
(AR X BW) X Caprock 8.5 1.9 
